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NOTICE 

The policieS and proceduns set forth here are intended solely as guidance to €PA and other 
government employees and wntractors. This guidance does not constitute rulemaking by the Agency, and 
annot be relied on to create a substantive or procedural right enforceable by any party in litigation with 
the United States EPA may take action that is at variance with the policies and procedures in this manual 
and may change them at any time without public notice 

lEis interim final guidance is based on policies in the proposed revisions to the National Oil and 
Hazardops Substances Pollution Contingency Plan (NCP), which were published on December 21,1988 (53 
Fcdacrl Regmw 51394). The final NCP may adopt poliaes different than those in this manual and should, 
when promulgated, be wnsidered the authoritative source. A final -ion of this manual will be published 
after the revised NCP is promulgated. 

FoIlowing the date of its publication. this manual is intended to be used as guidance for all human 
health risk assessments conducted as part of Superfund remedial investigations and kasibility studies. 
Issuance of this manual does not invalidate human health risk assessments completed before (or in progress 
at) the pubtication date and based on previously released Agency guidance. 
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ABOUT THE IQEVHSION . . . 
WHATIT =A's Human He& Evahubn Manual is a revision of the SupeqImd Public 
Is Heawl Evahcarion Mmuf (SPHEM; October 1986); it is Volume I of the two-vol.ume set 

called Ritk h- c;rridancc for Supa$ud. This manual has three main parts: the 
baseline risk assessment (Part A); refinement of prelimhary remediation goab (Part B); and 
evaluation of remedial alternatives (Pan C). (Only Pan A is included in tbe first 
distribution; see below.) 

WHO IT5 
FOR 

Risk ~ssessors, risk assessment reviewers, remedial project managers (RPMS), and risk 
managers invOlved in Superfund site cleanup activities will benefit from this revision. 

m r s  
NEW 

This revision builds upon the process established in SPHEM and provides more detailed 
guidance on many of the procedares used to assess health risk New information and 
techniques are presented that reflect the extensive Superfund program experience conducting 
health risk assessments at Superfund sites. Polides established and refined over the years - especially those resulting from the proposed National Oil and Hazardous Substances 
Pollution Contingency Plan (Ne) - have been updated and darified. Additionally. the 
links between the human health evaluation, the environmental evaluation, and the remedial 
investigauon/feasibity study (Rm) have been strengthened. 

In Part A you will find: 

For the risk assessor -- Updated procedures and poiiaes, specific equations and 
variable values for estimating exposure, and a hierarchy of toxicity data sources. 

For the risk assessment reviewer - A baseline risk assessment outline for consistent 
presentation of risk dormation and format, and a r e v i d s  checklist to ensure 
appropriate quality and content of the risk assessment. 

For the RPM - A comprehensive overview of the risk assessment process in the 
RVFS, a checklist for RPM involvement throughout the process. and a complete 
index for quick reference. 

For the risk manager -- An expanded chapter on risk charaaerization (Chapter 8) 
to help summanze and present risk information for the decision-maker, and more 
detailed descriptions of uncertainties in the assessment. 

D-U- 
270N PLAN 

This manual is being distributed as an interim final document while the proposed NCP is 
being hdized. After the final NCP is published, the manual will be updated and finalized. 
Parts B and C - which were no1 distriiuted as interim final because they are highly 
dependent on possible -ions to the NCP - will be added. Periodically, updates of 
portions of the manual will be distniuted 

u?HERE Toxits Integration Branch 
l v sEND 
COMMPJTS 

Office of Emergency and Remedial Response 
401 M Street. SW (OS-230) 

Washington,DC to460 
Phone: 202-475-9486 
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' I b e k W E m r i r O n m e n  
Cmpnsation, and Liability Act (CERCLA) 
requires that actions seleaed to remedy hatardous 
waste sites be proteabe of human health and the 
eavirolMeLlt CERcLAalSo mandates that when 
a remedial anion results in residual contamination 
at a site, future reviews must be planned and 
conducted to assure that human health and the 
environment continue to be protected. As pan of 
its effort to meet these and other CERCLA 
requirements, EPA has developed a set of 
manuals, togethex entitled Risk Rvcsanmt 
GcridMccjbr Supafknd The Hummr Healah 
Evaiuation M d  (Volume I) provides guidance 
for developing health risk information at 
Superfund sites, while the E n v h m m d  
EvohatMn M& (Volume II) provide guidance 
for environmental assessment at Superfund sites. 
Guidance in both human health evaluation and 
environmental assessment is needed so that EPA 

human health and the cnviranment 
can fulfill C E R C L A ' S  requirement to pr0e.U 

The Risk Assesmrsv Guidance fbp S u p q h i  
manuals were developed to be used in the 

procefs at Superfund sites, although the analytiml 
framework and specific methods describerp in the 
manuals may also be applicable to other 
asesmenlp of hazardous wastes and hazardous 
materials. These manuals are companion 

Rmredirrl Inveniga&w and Fcnribiliry SnrdLs 
Unda CERCLR (October 1988). and users should 

Superfundriskassessmentmanualsweredeveloped 
with eJnenslve * input fmm EPA workgroups 
comprised of both regional and headquarters sta& 

guidane will be issued when the revisions 
proposed in December 1988 to the National Oil 
and Hazardous Substances Pollution Contingenq 
Plan (NCP) become finaL 

remedial imestigatio~~i l i ty  study (RVFS) 

documenu to EPA'S Guidance *- 
betamiliarwiththatguidanae. T h e m  

These manuals are interim mal guidance; final 

Although human health risk assssment and 

they share certain common information needs and 
generally can use some of the same chemiml 

environmenralassessmentaredifzereatpreceJses, 

sampling and environmental sening data for a site. 
planning for both asser~mentsshould begin during 
the -ping stage of the RI/FS, and site sampliag 
and other data collection activities to support the 
two assessments should be mrdinated An 
-pie of this type of coordination is the 
sampling and analysis of fish or other aquatic 
organisms; if done properly, data from such 
sampling can be used in the assessment of human 
health risks from ingestion ~JCJ in the assessment 
ofdamages to and potential eflens on the aquatic 
ecasystem. 

The two manuals in this set target somewhat 
differeatapdiences. Thel%&vmm& Ev- 
Mmarcrl is addressed primarily to remedial project 
m a n a p  (RPMS) and on-scene mrdinators 
(OSO), who are responsiNe for ensuing a 
thorough evaluation of potential emironmental 
effectsat sites. The- EVtlhUZZh 
M& is not a detailed %ow-to" qpe of 
goidance, and it does not provide ' ~ k b o o k ~  
approaches for evaluation. Instead, it identifies 
the kinds of help that RPMs/oSCs are likely to 
need and wheze they may find that help. The 

used in amsidering eavironmental effects. An 
environmental evaluation methods c o m p d i u m  
published by EPA's Of6ce of Research and 

Waste Sites A F W  and Laborotoq, RLlfenncc 
Doaunmt (EPA6CW-89AI13). is an important 
reference to be used with the manual. 

manu also prwidcs an ovrrall hamework to be 

DeveiOpmensEcoIogicolRrsesmraraofHIMldorU 

'Ihe Himma Healah Evahodon Manual is 
addressed primarily to the individuals actrrany 
conducting health risk assesmeno for sites, who 

agencies, statu, or patemieny responsible panies. 
It also is targeted to EPA sta& including those 
reqonsiMe for revim and ovexight of risk 

and those responsible for ensuring adequate 
duation of human health risks ( i i  RPMs). 
The Hummr HeoErir E v r r h r r i i O n M d  rep- a 

public H d  Ev- MomrrJ (October 1986). 
which should no longer be used. The new manuaI 

frequently are ~ tn tc to rs  to EPA, other federal 

-merits (ck, technical staff in the regions) 

previous EPA guidance doaxmen& msupr?fknd 



incorporam lessons learned &om application of 
the earlier manual and addresses a number of 
issues raised since the earlier manual's publication. 
Issuance of the new manual does not iwalidate 
human health risk assessments completed before 
(or in progress at) the publication date. 

Ihe Human H& Evahmion Manrral 
' provides a basic hmework dor health risk 

asesment at Superfund sites, as the 
Environmmtrrl Evcllircrriwr A d d  does for 
environmental assessment The Human He& 

Evolkanbn Mruuccrl M i  howlever, by pmiding 
more detailed guidance on many of the procedures 
used lo assess health risk "his additional level 
of detail is p i b l e  bearuse of the relatively large 
body of information, techniques, and guidance 
available on human health risk a ~ ~ e s ~ m e ~ t  and the 
extensive Superinad program experience 
conducting such assessments for sitcs. Even 
though the Human Hcalrir Evahmion Mruural is 
considerably more specific than thefivironmaual 
Evohm'on Manual, it also is not a 'cookbook' 
and lproper application of the guidance requires 
substantial eqertk and professional judgment 
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The Comprehensive Envinmmental Reponse, 
Compensation, and Liabiliry Act of 1980, as 
amended (CERCLA, or "Superfund"), establishes 
a national program for responding to releases of 
hazardous substances into the ewironment' The 
National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP) is the regulation that 
implements w - 2  Among other things, the 
NCP establishes the overall approach for 
determining appropriate remedial actions at 
Superfund sites. The overarching mandate of the 
Superfund program is to protect human health 
and the environment from current and potential 
threats posed by uncontrolled hazardous substance 
releases, and the NCP echoes this mandate. 

To help meet this Superfund mandate, EPA's 
Office of Emergenq and Remedial Response has 
developed a human health evaluation process as 
part of its remedial response program. The 
process of gathering and assessing human health 
risk information descn'bed in this manual is 
adapted from wellestablished chemical risk 
assessment principles and procedures @AS 1983; 
CRS 1983; OSTP 1985). It is designed to be 
consistent with EPA's published risk assessment 
guidelines (EPA 1984, EPA 1986ae; EPA 198% 
EPA 198%) and other Agenq-wide risk 
assessment policy. The Hwnan HtwUi Evaluadon 
Manual revises and replaces the SupqFnd Public 
Health Ev- M& (€PA lWf).' It 
incorporates new information and builds on 
several years of Superfund program experience 
conducting risk assessments at hazardous waste 
sites. In addition, the Human Health Evahration 
M d  together with the companion 
Envinuvnental Evcrhation Manual (EPA 198%) 
replaces EPA's 1985 Endrmgiammr Ass- 
Hrmdbook, which should no longer be used (see 
Section 2.21). 

The goal of the Superfund human health 
evaluation process is to provide a framework for 
developing the risk information necessary to assist 
dedsion-making at remedial sites. Specific 
objectives of the process are to: 

0 

0 

8 

e 

provide an anai@s of baseline risks4 
and help deterrmn e the need for action 
at sites; 

provide a basis for determining levels 
of chemicals that remain onsite and 

health; 
~tiIl be aderlaately prOteniVe Of ipUbliC 

provide a basis for comparing potential 
health impacts of various remedial 
alrernativg; and 

provide a consistent process for 
evaluating and documenting public health 
threats at sites. 

The human health evaluation process 
described in this manual is an integral part of the 
remedial response process defined by CERCLA 
and the NCP. The risk information generated by 
the hlman health evaluation process is designed 
to be used in the remedial investigationlfeasibility 
study (WFS) at Superfpnd sites. Although risk 
information is fundamental to the RVFS and to 
the remedial response program in general, 
Superfwd site experience has led EPA to balance 
the need for infcmnation with the need to take 
action at sites quickly and to streambe * the 
remedial process. Revisions proposed to the NCP 
in 1988 Mea EPA program management 
principles intended to promote the and 
effectiveness of the remedial response process 
Chief among these principles is a bias for action. 
E P X S  Guidmrcr *conmcaing- 



InveJtigationr and FeasibZq Sludies Unda 
CERCL.4 (EPA 1988b) also was revised in 1988 
to incorporate management initiatives designed to 
Streamline the RUFS process and to make 
information collection activities during the RI 
more efficient. The Rirk Assemnem Guidance for 
S u m ,  of which this Human Health Evahmion 
Mnnual is Volume I,' has been developed to 
reflect the emphasis on streamlining the remedial 
prooess. The Human He& Evrrlwuion Manual 
is a companion document to the RVFS guidance. 
It provides a basic hamework for developlng 
health risk information at Superfund sites and also 
gives speak guidance on appropriate methods 
and data to use. Users of the Human Health 
Evalucmbn MonurJ should be familiar with the 
RVFS guidance, as weIl as with other guidances 
referenced throughout later chapters of this 
manuaL 

The Human Health Evaluation Manual is 
adcksed prhaxily to the individuals actually 
eonduaing human health evaluations for sites 
(kequently contractors to E P 4  other federal 
agencies, states, or potentially responsible parties). 
It also is targeted to EPA staff responsible for 
review and oversight of risk assessmenu (e.g., 
technical staff in the regions) and those 
responsible for ensuring an adequate evaluauon of 
human health rish @e., remedial project 
managers, or RPMs). Although the terms nsb 
assessor and risk assessment rwiewer are used in 
this manual, it is emphasized that they generally 
refer to teams of individuals in appropriate 
disciplines (e.&, toxicologists, chemists, 
hydrologists, engineers). It is recommended that 
an appropriate team of scientists and e n p e e r s  be 
assembled for the human health evaluation at 
each s p e a k  site. It is the responsibility of 
RPMs, along with the leaden of human health 
evaluation teams, to match the scientific s u p p o ~  
they deem appropriate with the resources at their 
disposaL 

Individuals having different levels of scientific 
Vaining and experience are Uely to use the 
manual in designing, conducting, and reviewing 
human health dua t ions .  Because assumptions 
and judgments are required in many pans of the 

the individuals conducting the evaluation 
are key elements in the prooess. The manual is 

intended to insoacr non-technical personnel 
how to perfam technical evaluations, nor to allow 

professionals mined in one discipline to perform 
the work of another. 

KEY PLAYERS IN SUPERFUND 
SITE R I s g A s S E s S ~ /  

RISK MANAGEMENT 

The Human He& Evaluation Manual 
admittedly cannot address all site circumstances. 
Users of the manual must exercise technical and 
management judgment, and should consult with 
EPA regional risk assessment contacts and 
appropriate headquarters staff when encountering 
unusual or particularly complex technical issues. 

The first three chapters of this manual 
provide background information to help place the 
human health evaluation process in the context of 
the Superfund remedial process. This chapter 
(Chapter 1) summarizes the human health 
evaluation process during the RVFS. The three 
main parts of this process - baseline risk 
assessment, refinement of preliminary remediation 
goals, and remedial alternatives risk evaluation - are described in detail in subsequent chapters. 
Chapter 2 discusses in a more general way the 
role of risk information in the overall Superfund 
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remedial program by focpsing on the statutes, 
regulations, and guidance relevant to the human 
health evaluation. Chapter 2 also identilies and 
contrasts Superfund studies related to the human 
health evaluation. Chapter 3 discusses issues 
related to planning for the human health 
evaluation. 

1.B OVERVIEW OF 'HWE HUMAN 
ICHEALTfp EVALUATION 
PROCESS IN W S  

Section 300.430 of the proposed revised NCP 
reiterates that the purpose of the remedial process 
is to implement remedies that reduce, control, or 
efiminate risks to human health and the 
environment. The remedial investigation and 
feasibility study (RUFS) is the methodology that 
the Superfund lprogram has established for 
characterizing the nature and extent of risks posed 
by uncontrolled hazardous waste sites and for 
developing and evaluating remedial options. The 
1986 amendments to CERCLA reemphasized the 
original statutory mandate that remedies meet a 
threshold requirement to protect human health 
and the environment and that they be cost- 
effective, while adding new emphass to the 
permanence of remedies. Because the RI/FS is an 
analytical process designed to support risk 
management decision-making for Superfund sites. 
the assessment of health and environmental rlsk 
plays an essential role in the RVFS. 

This manual provides guidance on the human 
health evaluation activities that are conducted 
during the RUFS. The three basic parts of the 
RUFS human health evaluation are: 

(3) 

baseline risk assessment (described in 
Part A of this manual); 

refinement of preliminary remedia tion 
goals pan B); and 

remedial alternatives risk evaluation 
Part C). 

these risk information activities are 
intertwined with the RUFS, this section describes 
those activities in the context of the RVFS 
process. It relates the three parts of the human 

health evaluation to the stages of the R E S ,  
which are: 

project scoping (before the RI); 

o site characterization (RI); 

e establishment of remedial action 
objectives (FS); 

o development and screening of 
alternatives (FS); and 

detailed analysis of alternatives (FS). o 

Although the RYFS process and related risk 
information activities are presented in a fashion 
that makes the steps appear sequential and 
distinct, in practice the process is highly 
interactive. In fact, the RI and FS are conducted 
concurrently. Data collected in the RI influences 
the development of remedial altemativk in the 
FS, which in turn affects the data needs and scope 
of treatability studies and additional field 
investigations. The RUFS should be viewed as a 
flexible process that can and should be tailored to 
spec& circumstances and information needs of 
individual sites, not as a rigid approach that must 
ibe conducted identically at every site. Likewise, 
the human health evaluation process described 
here should be viewed the same way. 

Two concepts are essential to the phased 
RVFS approach. First, initial data collection 
efforts develop a general understanding of the site. 
Subsequent data collection effort focuses on filling 
previously unidentified gaps in the understanding 
of site characteristics and gathering information 
necessary to evaluate remedial alternatives. 
Second, key data needs should be identified as 
early in the process as possible to ensure that 
data collection is always directed toward providing 
information relevant to selection of a remedial 
action. In this way, the overall site 
characterization effort can be continually scoped 
to minimize the collection of unneoessary data and 
maximiz data quality. 

The RVFS provides decision-makers with a 
technical evaluation of the threats posed at a site, 
a characterization of the potential mutes of 
exposure, an assessment of remedial alternatives 
(including their relative advantages and 



disadvantages), and an analysis of the uade-ofls in 
selecting one alternative over another. =A's 
interim final Guidance for CondLtCring Remedid 
Investig&ns and Feasibw Studies under 
CERCLR (EPA 1988b) provides a detailed 
structure for the RUFS. The RYFS guidance 
provides further background that is helpful in 
understanding the place of the human health 
evaluation in the RVFS process. The role that 
risk information plays in these stages of the RUFS 
is described belw, additional background can be 
found in the R I B  guidance and in a summary of 
the guidance found in Chapter 2. Exhibit 1-1 
illustrates the RUFS process, showing where in the 
process risk information is gathered and analyzed. 

1.1.1 PROJECI' SCOPING 

The purpose of project scoping is to define 
morc specifically the appropriate type and esent 
of investigation and analysis that should be 
undertaken for a given site. During scoping, to 
assist in evaluating the possible impacts of releases 
from the site on human health and the 
environment, a conceptual model of the site 
should be established, considering in a qualitative 
manner the sources of wntamination, potential 
pathways of exposure, and potential receptors. 
(Scoping is also the starting point for the risk 
assessment, during which exposure pathways are 
identified in the conceptual model for further 
investigation and quantification) 

PRQJECT SCOPING 

The p r e l h x u y  characterization during 
project swpiag is initially developed with readily 
available information and is r e h e d  as additional 
data are collected. The main objectives of scoping 
are to idenufy the types of decisions that need to 
be made, to determine the types (including 
quantity and quality) of data needed, and to 
design effident studies to collect these data. 
Potential site-specific modeling activities should 
be discussed at initial scoping meetings to ensure 
that modeling results will supplement the sampling 
data and effectively support risk assessment 
activities. 

1.13 SITE CHARACERIZATIQN (RI) 

During site characterization, the sampIing and 
analysis plan developed during project scoping is 
implemented and field data are collected and 
anal@ to determine the nature and extent of 
threats to human health and the environment 
posed by a site. The major components of site 
characterization are: 

o collection and analysis of field data to 
characterize the site; 

e development of a baseline risk 
assessment for both potential human 
health effects and potential 
environmental effects; and 

e treatability studies, as appropriate. 

Pan of the human health evaluation, the 
baseline risk assessment (Part A of this manual) 
is an analysis of the potential adverse health 
effects (current or future) caused by hazardous 
substance releases from a site in the absence of 
any actions to control or mitigate these releases 
(Le., under an assumption of no action). The 
baseline risk assessment contniutes to the site 
characterimion and subsequent development, 
evaluation, and selection of appropriate response 
alternatives. The results of the baseline risk 
assessment are used to: 

m lhelp determine whether additional 
response action is necesary at the site; 

o modify p r e l i m i ~ ~ ~  remediation goals, 
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EXHIBIT 1-1 
RISK INFORMATION ACTIVITIES IN THE RI/FS PROCESS 
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0 help support selection of the "no-action" 
remedial alternative, where appropriate; 
and 

e document the magnitude of risk at a 
site, and the primary causes of that risk. 

Baseline risk assessments are site-specific and 
therefore may vary in both detail and the extent 
to which qualitative and quantitative analyses are 
used, depending on the complexity and particular 
circumstances of the site, as well as the availability 
of applicable or relevant and appropriate 
requirements (ARARS) and other criteria, 
advisories, and guidance. After an initial planning 
stage ( d e s u i i  more fully in Chapter 3), there 
are four steps in the baseline risk assessment 
process: data collection and analysis; exposure 
assessment; toxicity assessment; and risk 
characterization. Each step is described briefly 
below and presented in Exhibit 1-2 

Data collection and evaluation involves 
gathering and analyzing the site data relevant to 
the human health evaluation and identifying the 
substances present at the site that are the focus 
of the risk assessment process. (Chapters 4 and 
5 address data collection and evalition.) 

An ex~osure assessment is conducted to 
estimate the magnitude of actual and/or potential 
human exposures, the frequenq and duration of 
these exposures, and the pathways by wliich 
humans are potentially exposed. In the exposure 
assessment, reasonable maximum estimates of 
exposure are developed for both Current and 
future land-use assumptions. Current exposure 
estimates are used to determine whether a threat 
exists based on existing exposure conditions at the 
site. Future exposure estimates are used to 
prowde decision-maken with an understanding of 
potential future exposures and threats and include 
a qualitative estimate of the likelihood of such 
exposures Occurring. Conducting an exposure 
assessment involves analydng contaminant 
releases; identifying exposed populations; 
identifying all potential pathways of exposure; 
estimating exposure point concentrations for 
speafic pathways, based both on environmental 
monitoring data and predictive chemical modeling 
results and estimating contaminant intakes for 
spec& pathways. The results of this assessment 
are pathway-speafic intakes for ament and future 

exposures to individual substances. (Chapter 6 
addresses exposure assessment) 

The toxicitv assessment component of the 
Superfund baseline risk assessment oonsiders: (1) 
the types of adverse health effects associakl with 
chemical exposures; (2) the relationship between 
magnitude of exposure and adverse effects; and (3) 
related uncertainties such as the weight of 
evidence of a particular chemical's carcinogenicity 
in humans. Tjq)ically, the Superfund site risk 
assessments rely heavily on existing toxicity 
information developed on specific chtmicals. 
Toxicity assessment for contaminants found at 
Superfund sites is generally accomplished in two 
steps: hazard identifxation and dose-response 
assessment. The first step, hazard identification. 
is the process of determining whether exposure to 
an agent can cause an increase in the incidence of 
an adverse health effect (e.& cancer, birth defect). 
Hazard identification also involves characterizing 
the nature and strength of the evidence of 
causation. The second step, dose-response 
evaluation, is the process of quantitatively 
evaluating the toxiaty information and 
characterizing the relationship between the dose 
of the contaminant administered or received and 
the incidence of adverse health effects in the 
exposed population. From this quantitative dose- 
response relationship, toxicity values are derived 
that can be used to estimate the incidence of 
adverse effects occurring in humans at different 
exposure levels. (Chapter 7 addresses toxicity 
assessment.) 

The risk characterization summarizes and 
combines outputs of the exposure and toxicity 
assessments to characterize baseline risk, both in 
quantitative expressions and qualitative statements. 
During risk characterization, chemical-specific 
toxicity information is compared against both 
measured contaminant exposure levels and those 
levels predicted through fate and transport 
modeling to determine whether current or future 
levels at or near the site are of potential concern. 
(Chapter 8 addresses risk characterization.) 

The level of effort required to conduct a 
baseline risk assessment depends largely on the 
complexity of the site. In situations where the 
results of the baseline risk assessment indicate 
that the site poses littie or no threat to human 
health or the environment and that no further (or 
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limited) action will be necessary, the E% should be 
scaleddown as appropriate. 

The documents developed daring site 
characterization include a brief prelimhry site 
characterization summary and the draft RI report. 
which includes either the complete baseline risk 

. assessment report or a summary of i t  'Ihe 
preliminary site characterization summary may be 
used to assist in identification of ARARs and may 
provide the Agency for Toxic Substances and 
Disease Registry (ATSDR) with the data necessary 
to prepare its health assessment (different @om 
baseline risk assgsment or other EPA human 
health eduation activities; see Chapter 2). The 
draft RI report is prepared after the completion 
of the baseline risk assessment, often along wth 
the draft F3 report. 

1.13 FEASIBILITYSTUDY 

The purpose of the feasibility study is to 
provide the decision-maker with an assessment of 
remedial alternatives, including their relative 
strengths and weaknesses, and the trade-offs in 
selecting one alternative over another. The FS 
p'ocess involves developing a reasonable range of 
alternatives and analyzing these alternatives in 
derail using nine evaluation Criteria Because the 
RI and FS are conducted concurrently, ths 
development and analysis of alternatives is an 
interactxve process in which potential alternatives 
and remediation goals are continually refined as 
additional infbrmation from the RI becomes 
available. 

Establishing protective medial action 
objectives. The first step in the FS process 
involves developing remedial aaion objeaives that 
address contaminanrs and media of concern, 
potential exposure pathways, and preliminary 
remediation goals. Under the proposed revised 
NCP and the interim RUFS guidance, preliminary 
remediation goals typically are formulated first 
during project scoping or concurrent with initial 
RI activities (i.e., prior to completion of the 
baseline risk assessment). The pnliminary 
remediation goals are therefore based initially on 
readily available chemical-spedfic ARAEb (e.&, 
maximum con taminant levels (Ma) for drinldag 
water). Preliminary remediation goals for 
individual substances are re6ned or c o m e d  at 
the conclusion of the baseline risk assessment 

(Part B of this manual addresses the refinement 
of preliminary remediation goals). These refined 
preliminary remediation goals are based both on 
risk assessment and on chemical-specific ARARS. 
Thus, they are intended to be protective and to 
comply with ARARs. The analytical approach 
used to develop these refined goals involves: 

a identifying chemical-specific ARARS, 

identifying levels based on risk 
assessment where chemical-specific 
ARARS are not available or situations 
where multiple contaminants or multiple 
exposure pathways make ARARS not 
protective; 

o identifying non-substance-specific goals 
for exposure pathways (if necessary); and 

Q determining a relined preliminary 
remediation goal that is protective of 
human health for all substance/exposure 
pathway combinations being addressed 

Development and screening of alternatives. 
Once remedial action objectives have been 
developed, general response actions, such as 
treatment, containment, excavation, pumping, or 
other actions that may be taken to satisfy those 
objectives should be developed. In the process of 
developing alternatives for remedial action at a 
site, two important activities take place. First, 
volumes or areas of waste or environmental media 
that need to be addressed by the remedial action 
are determined by information on the nature and 
extent of contamination, ARARs, chemical-specific 
environmental fate and toxicity information, and 
engineering analyses. Second, the remedial action 
alternatives and associated technologies are 
screened to identify those that would be effective 
for the contaminants and media of interest at the 
site. The information developed in these two 
activities is used in assembling technologies into 
alternatives for the site as a whole or for a 
specific operable unit. 

The Superfund program has long permitted 
remedial actions to be staged through multiple 
operable units. Operable units are discrete 
actions that comprise incremental steps toward the 
final remedy. Operable units may be actions that 
complete& address a geographical portion of a site 



or a spe&c site problem (cg., drums and tank, 
contaminated ground water) or the entire site. 
Operable units indude interim actions (e& 
pumping and treating of ground water to retard 
plume migration) that must be followed by 
subsequent actions to fully address the scope of 
the problem (e.g., final ground-water operable 
unit that defines the remediation goals and 
restoration timeframe). Snch operable units may 
be taken in response to a preying problem that 
will worsen if unaddressed, or because there is an 
opportunity to undertake a limited action that will 
achieve significant risk reduction quickly. The 
appropriateness of dividing remedial actions into 
operable units is determined by considering the 
interrelationship of site problems and the need or 
desire to initiate actions quickly. To the degree 
that site problems are interrelated, it may be most 
appropriate to address the problems together. 
However, where problems are reasonably 
separable, phased responses implemented through 
a sequence of operable units may promote more 
rapid risk reduction. 

In situations where numerous potential 
remedial alternatives are initially developed, it may 
be necessary to screen the alternatives to narrow 
the list to be evaluated in detail. Such screening 
aids in streamlining the feasibility study while 
ensuring that the most promising alternatives are 
being considered 

Detailed analysis of alternatives. During thc 
detailed analysis, each alternative is assessed 
against specific evaluation criteria and the results 
of this assessment arrayed such that comparisons 
ibenveen alternatives can be made and key trade- 
ofB identified. Nine evaluation cntena, some of 
which are related to human health evaluation and 
risk, have been developed to address statutory 
requirements as well as additional technical and 
policy considerations that have proven to be 
important for selecting among remedial 
alternatives. These evaluation criteria, which are 
identified and d i s c w e d  in the interim final RVFS 
guidance, serve as the basis for conducting the 
detailed analyses during the FS and for 
subsequently selecting an appropriate remedial 
action. The nine evaluation criteria are as 
follows: 

(1) overall protection of human health and 
the environment; 

(2) compliance with ARARs (unless waiver 
applicable); 

(3) long-term effectiveness and permanence; 

(4) reduction of toxiaty, mobility, or.volume 
through the use of treatment. 

(5)  short-term effectiveness; 

(6) implementabiliry, 

(7) cost; 

(8) state acceptance; and 

(9) community acceptance. 

Risk information is required at the detailed 
analysis stage of the RI/FS so that each alternative 
can be evaluated in relation to the relevant NCP 
remedy selection criteria. 

The detailed analysis must. according to the 
proposed NCP, include an evaluation of each 
alternative against the nine criteria. The first two 
criteria (Le., overall protectiveness and compliance 
with ARARs) are threshold determinations and 
must be met before a remedy can be selected. 
Evaluation of the overall protectiveness of an 
alternative during the RUFS should focus on how 
a specific alternative achieves protection over time 
and how site risks are reduced. 

The next five criteria (numbers 3 through 7) 
are ,primary balancing criteria. The last two 
(numbers 8 and 9) are considered m-g 
criteria, and risk information does not play a 
direct role in the analysis of them. Of the five 
primary balancing criteria, risk information is of 
particular importance in the analysis of 
effectiveness and permanence Analysis of long- 
term effectiveness and permanence involves an 
evaluation of the results of a remedial anion in 
terms of residual risk at the site after response 
objectives have been met. A primary focus of this 
evaluation is the effectiveness of the controls that 
wil l  be applied to manage risk posed by treatment 
residuals and/or any untreated wastes that may be 
left on the site, as well as the volume and nature 
of that material. It should also consider the 
potential impacts on human health and the 
environment should the remedy fail. An 
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evaluation of ShOK-term effectiveness addresses 
the impacts of the alternative during the 
construction and implementation phase until 
remedial response objectives will be met Under 
this criterion, alternatives should be evaluated with 
respect to the potential effects on human health 
and the environment during implementation of the 
remedial action and the length of time until 
protection is achieved 

\ 

The next two chapters present additional 
background material for the human health 
evaluation process. Chapter 2 disclrsses statutes, 
regulations, guidance, and studies relevant to the 
Superfund human health evaluation. Chapter 3 
discusses issues related to pIanning for the human 
health evaluation. The remainder of the manual 
is organized by the three parts of the human 
health evaluation process: 

a the baseline risk assessment is covered 
in Part A of the manual (Chapters 4 
through 10); 

a reiinement of preliminary remediation 
goals is covered in Pan B of the manual 

(not includedas part of this interim final 
version); and 

the risk evaiuation of remedial 
alternatives is covered in Pan C of the 

interim final version). 
manual (not induded as pan of this 

Chapters 4 through 8 provide detaiied 
technical guidance for conducting the steps of a 
baseline risk assessment, and Chapter 9 provides 
docrunentation and review guidelines. Chapter 10 
contains additiod guidance specific to baseline 
risk assessment for sites contaminated with 
radionuclides. Sample calcuhtions, sample table 
formats, and referenas to other guidance are 
provided throughout the manual. AI material is 
presented both in technical term and in simpler 
ten. It should be stressed that the manual is 
intended to be comprehensive and to provide 
guidance for more situations than usually are 
relevant to any single site Risk assessors need 
not use those parts of the manual that do not 
apply to their site. 

Each chapter m Part A includes a glossary of 
acronyms and dewtiom of commonly used terms. 
The manpal also includes two appendices: 
Appendix A provides technical guidance for 
making absorption adjustments and Appendix B 
is an index. 
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This chapter briefly describes the statutes, 
regulations, guidance, and studies related to the 
human health evaluation process. The 
descriptions focus on aspects of these documents 
most relevant to hmnan health evaluations and 
show how recent revisions to the documents bear 
upon the human health evaluation process. 
Section 21 d e s c r i i  the following documents that 
govern the human health evaluation: 

human health evaluation. In addition, Section 
2 2  identifm and briefly describes other Superfund 
studies reiated to, and sometimes confused with, 
the RUFS human health evaluation. The types of 
studies dimmed are: 

o endangerment assessments; 
o ATSDR health assessments; and 
a ATSDR health studies. 

e the Comprehensive Environmental 
Response, Compensation, and Liability 
Act of 1980 (CERCLA, or Superfund) 
and the Superfnnd Amendments and 
Reauthorization Act of 1986 (SARA); 

2.1 STATUTES, REGULATIONS, 
AND GUIDANCE GOVERNING 
InJMANam 
EVALUATIQN 

e the National Oil and Hatardous 
Substances Pollution Contingency Plan 
(National Contingency Plan, or NCP); 

e CERcLRCompficurccwithOthcrLaws 
Manual (ARARS guidance); and 

&hibit 2-1 shows the relationship of these 
statute, regulations, and guidances governing 

This section desc r i i  the major Superfund 
laws and program docpmenrs relevant to the 
human health evaluation process. 

2.1.1 CERCIA AND SARA 

In 1980, amgreSS enacted the comprehensive 
Enviromenlal Re~ponse, Compensation, and 
Liability Act (CERCLA) (42 US.C %01 et q.), 
commonly called Superfund, in response to the 
dangers p e 4  by sudden or othemise 
uncmtrolled releases of hazardous sabstanees, 
pollutant% or eontaminan0 into the environment. 
CERCLA authorized $1.6 bitlion over h years 
for a comprehensive program tocleanup the 
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wont abandoned-or inactive mste sites in the 
nation. CERCLA funds used to establish and 
administer the cleanup program are derived 
phari ly  from taxes on crude oil and 42 different 
commercial chemicals. 

The reauthorization of CERCLA is known 
as the Superfund Amendments and 
Reauthorization Act (SARA), and was signed by 
the President on October 17, 1% (All further 
references to CERCLA in this appendix should be 
interpreted as "CERCLA as amended by SARA') 
These amendments provided $85 billion for the 
deanup program and an additional $500 million 
for cleanup of leals from underground storage 
tanks. Under SARA, Congress strengthened 
=A's mandate to focus on permanent cleanups 
at Superfund sites, involve the public in decision 
processes at sites, and encourage states and 
federally recognized Indian m i  to actively 
participate as partners with EPA to address these 
sites. SARA expanded EPA's research, 
development (espeaal)y in the area of alternative 
technologies), and training respowiilities. SARA 
also strengthened EPA's enforcement authonty. 
The changes to CERCLA sections 104 (Response 
Authorities) and 121 (Cleanup Standards) have 
the greatest impact on the RYFS process. 

Cleanup standards. Section 121 (Cleanup 
Standards) states a strong preference for remedies 
that are highly reliable and provide long-term 
protection. In addition to the requirement for 
remedies to be both protective of human health 
and the environment and cost-effective, other 
remedy selection considerations in section 121@) 
include: 

e a preferme for remedial actions that 
employ (as a principal element of the 
action) treatment that permanently and 
signiScantty reduces the volume. toxicity, 
or mobility of hazardous substanccs. 
pollutants, and contaminants: 

e ofiite transport and disposal without 
treatment as the least favored alternative 
where prauicable treatment technologies 
are available; and 

B theneedtoassestheuseofalternative 
treatment technologies or resource 

recwery technologies and use them to 
the maximum anent practicable. 

Section 121(c) of CERCLA requires a 
periodic review of remedial actions, at least every 
five yean after initiation, for as long as hazardous 
substances, pollutanrs, or contaminants that may 
pose a threat to human health or the environment 
remain at the site. If during a five-year review it 
is determined that the aaion no longer proteas 
human health and the environment, further 
remedial actions will need to be considered. 

Section 121(d)(2)(A) of CERCLA 
inwrporates into law the CERCLA Compliance 
Policy, which speafies that Superfund remedial 
actions meet any federal standards, requirements, 
criteria, or limitations that are determined to be 
legally applicable or relevant and appropriate 
requirements (ie, ARARs). Also included is the 
new provision that state ARARs must be met if 
they are more stringent th& federal requirements. 
(Section 21.4 provides more detail on ARARS.) 

Health-related authorities. Under CERCLA 
section 104(i)(6), the Agenq for Toxic Substances 
and Disease Registry (ATSDR) is required to 
conduct a health assessment for every site included 
or proposed for inclusion on the National 
Priorities List The ATSDR health assessment, 
which is fairly qualitative in nature, should be 
distinguished from the EPA human health 
evaluation, which is more quantitative. CERCU 
section 104(i)(5)0 states that 

the term 'health assessments" shall include 
prehinary  assessments of the potential risk 
to human health posed by individual sites and 
facilities, based on such factors as the nature 
and extent of contamination, the existence of 
potential pathways of human exposure 
(including ground or surface water 
wntamination, air emissions, and food chain 
contamination), the size and potential 
suscepuiility of the community within the 
likely pathways of exposure, the comparison 
of expected human exposure levels to the 
short-term and long-term health effects 
associated with identified hazardous 
substances and any available mmmended 
exposure or tolerance limits for such 
hazardous substances, and the comparison of 
existing morbidity and mortality data on 



diseases that may be assoCiated with the 
obsewed levels of exposure. The 
Administrator of ATSDR shall use 
appropriate data, risk assessments, risk 
evaluations and studies available from the 
Administrator of EPA 

e Subpart D - Optional Response 
Phases for Oil Removal 

0 Subpart E - Hazardous Substance 
ReSpOnSe 

There are purposeful differences between an 
A n D R  health assessment and traditional risk 
assessment. The health assessment is usually 
qualitative, site-smc, and focuses on medical 
and public health perspeuives. Exposures to site 
con taminants are discussed in terms of especially 
sensitive populations, mechanisms of toxic 
chemical action, and possible disease outcomes. 
Risk assessment, the hmework of the EPA 
human health evaluation, is a characterization of 
the probability of adverse effects from human 
exposures to environmental hazards. In this 
context, risk assessments mer from health 
assessments in that they are quantitative, chemical- 
oriented characterizations that use statistical and 
biological mode& to calculate numerical estimates 
of risk to health. Howevtr, both health 
assessments and risk assessments use data from 
human epidemiological investigations, when 
available, and when human toxicological data are 
unavailable, rely on the results of animal 
toxicology studies. 

2.1.2 NATIONAL CONTINGENCY PLAN 
W P )  

The National Contingency Plan provides the 
organizational structure and procedures for 
preparing for and responding to discharges of oil 
and releases of hazardous substances, pollutants, 
and contaminants. 'Ihe NCP is required by 
section 105 of CERCLA and by section 311 of the 
Clean Water Act. The current N O  (EPA 1985) 
was published on November 20, 1985. and a 
significantly revised version (EPA 1988a) was 
proposed December 21. 1988 in response to 
SARA The proposed NCP is organized into the 
following subparts: 

e Subpart A - Inauction 

o Subpart B - Responsibility and 
Organhaion for Response 

0 Subpart F - State Involvement in 
Hatardous Substance Response 

o Subpan G - Trustees for Natural1 
Resources 

o Subpart H - Participation by Other 
PersOns 

e Subpan I - Administrative Record for 
Selection of Response Action 

m Subpart J - Use of Dispersants and 
Other Chemicals 

Subpart E, Hazardous Substance Response, 
contains a detailed plan cwering the entire range 
of authorized activities involved in abating and 
remedying releases or threats of releases of 
hazardous substances, pollutants, and 
contaminants. It contains provisions for both 
removal and remedial response. The remedial 
response process set forth by the proposed NCP 
is a seven-step p'ocess, as desaibed below. Risk 
information plays a role in each step. 

Site disawey or notification. Releases of 
hazardous substances, pollutants, or contaminants 
identified by federal, state, or local government 
agencies or private parties are reported to the 
National Response Center or EPA Upon 
discovery, such potential sites are screened to 
identify release situations warranting further 
remedial response consideration. These sites are 
entered into the CERCLA Information System 
(CERCLIS). This computerized system serves as 
a data base of site information and tracks the 
change in status of a site through the response 
process. Risk information is used to determine 
which substances are hazardous and, in some 
cases, the quantities that constitute a release that 
must be reported (Le., a reportable quantity, or 
RQ, under CERCLA Section 103(a)). 

Prelim- BssessmMt and site inspedim 
(PA/SI). The preliminary assessment involves 
collection and review of all available information 



and may indude ofbite reconnaissanCe to evaluate 
the source and nature of hazardous Substances 
present and to identify the responsible pany(ies). 
At the conclusion of the prelimirrary assessment, 
a site may be referred for further action, or a 
determination may be made that no further action 
is needed. Site inspections, which foilow the 
prehinary assessment for sites needing further 
action, routinely include the collection of samples 
and are conducted to help determine the extent 
of the problem and to obtain information needed 
to determine whether a removal action is 
wananted. If, based on the site inspection. it 
appears likely that the site should be considered 
for inclusion on the National Priorities List 
(NPL), a listing site inspeaion is conducted. 
The LSI is a more extensive investigation than the 
SI, and a main objective of the LSI is to collect 
sufficient data about a site to support Hazard 
Ranking System @RS) scoring. One of the main 
objectives of the P M I  is to collect risk-related 
information for sites so that the site can be scored 
using the HRS and priorities may be set for more 
detailed studies, such as the RVFS. 

Establishing priorities lor rrmedid action. 
Sites are scored using the HRS, based on data 
from the PMLILSI. The HRS swring process is 
the primary mechanism for determining the sites 
to be included on the NPL and, therefore, the 
sites eligible for Superfund-financed remedial 
action. The HFG is a numerical scoring model 
that is based on many of the factors affecting risk 
at a site. A revised version of the HRS (EPA 
1988b) was proposed December 23, 1988. 

Remedial investigatidfeasibility study 
(RUFS). As described in Section 1.1. the R I E  
is the framework for determining appropriate 
remedial actions at Superfund sites. Although 
R E S  activities technically are removal actions 
and therefore not restricted to sites on the NPL 
(see sections l O l ( 2 3 )  and 104@) of CERCLA), 
they most frequently are undertaken at NPL sites. 
Remedial investigations are conducted to 
characterize the contamination at the site and to 
obtain information needed to identify, evaluare, 
and select cleanup alternatives. The feasibility 
study includes an analysis of alternatives based 
on the nine N O  evaluation criteria. The human 
health evaluation descn'bed in this manual, and 
the environmental evaluation described elsewhere, 

are the guidance for developing risk information 
in the RVFS. 

seieedo~ of medy. The primary 
consideration in selecting a remedy is that it be 
protective of human health and the environment, 
by eliminating, reducing, or amrolling risks posed 
through each pathway. Thus, the risk information 
developed in the RYFS is a key input to remedy 
selection. The results of the RYFS are reviewed 
to identiry a preferred alternative, which is 
announced 10 the public in a Proposed Plan. 
Nan, the lead agency reviews any resulting public 
comments on the Proposed Plan, consults with the 
support agencies to evaluate whether the preferred 
alternative is still the most appropriate, and then 
makes a h a l  decision. A reaxd of decision 
(ROD) is written to document the rationale for 
the selected remedy. 

Remedial desigdremedial action. The 
detailed design of the selected remedial action is 
developed and then implemented. The risk 
information developed previously in the RUFS 
helps rehe the mediation goals that the remedy 
will attain. 

Fiw-year review. Section 121(c) of CERCLA 
requires a periodic review of remedial actions, at 
least every he years after initiation of such 
action, for as long as hazardous substances, 
pollutants, or contaminants that may pose a threat 
to human health or the environment remain at 
the site. If it is determined during a five-year 
mew that the action no longer protects human 
health and the environment, further remedial 
actions will need to be considered. 

Exhibit 2-2 diagrams the general steps of the 
Superfund remedial process, indicating where in 
the process the various parts of the human health 
evaluation are conducted. 

2.13 REMEDIAL INVESTIGATION/ 
FEASIBILITY m y  GUIDANCE 

EPA's interim final Guidance for Conduczing 
Remedid investigationr and Feasibilify Smdies 
Under CERCLA (EPA 1988~) provides a detailed 
structure for conducting field studies to support 
remedial decisions and for identifying, evaluating, 
and selecting remedial action alternatives under 
CERCLA. This 1988 guidancedocumentisa 

- 
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a The RI/Fs can k underfaken prior to NPL listing. 
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revision of two separate pidances for remedial 
investigations and for feasibility studies published 
in 1985. These guidances have been consolidated 
into a single document and revised to: 

e reflect new emphasis and provisions of 
SARA; 

e incorporate aspects of new or revised 
guidance related to RVFSs; 

e incorporate management initiatives 
designed to streamline the R E S  
process; and 

e reflect experience gained from previous 
RVFS projects. 

The RI/Fs consists of the following general 
steps: 

e project scoping (during the RI); 

e site characterization (RI); 

o establishment of remedial action 
objectives (FS); 

e development and screening of 
alternatives (E); and 

o detailed analysis of alternatives (FS). 

Because Section 1.1 describes each of these steps, 
focusing on the role that risk information plays in 
the R E S .  a discussion of the steps is not 
repeated here. The RVFS guidance provides the 
context into which the human health evaluation 
fits and should be used in conjunction with this 
manual. 

2.1.4 ARARS GUIDANCE 

The interim final CERCLA Compliance wuh 
Orher Laws Munuuf (EPA 1- EPA 198%). or 
ARARS guidance, was developed to assist in the 
selection of onsite remedial actions that meet the 
applicable or relevant and appropriate 
requirements (ARARs) of the Resource 
Consemtion and Recovery Act (RCRA), Clean 
Water Act (CWA), Safe Drinking Water Act 
(SDWA), clean Air Act (CAA), and other federal 
and state environmental laws, as required by 

CERCLA section 121. Part I of the manual 
discusses the overall prOced& for identifying 
ARARs and provides guidance on the 
interpretation and analysis of RCRA requirements. 

Chapter 1 defines 'applicable; and 
"relevant and appropriate," provides 
matrices listing potential chemical- 
specific, location-specific, and action- 
speci6c requirements fiom RCRA. CWA 
and SDWA and provides general 
procedures for identifying and analyzing 
requiremenrs; 

Specifically 

e 

e Chapter 2 discusses special issues of 
interpretation and analysis involving 
RCRA requirements, and provides 
guidance on when RCRA requirements 
will be AR4Rs for CERCLA remedial 
actions; 

e Chapter 3 provides guidance for 
compliance with CW4 substantive (for 
onsite and ofiite actions) and 
administrative (for offsite actions) 
requirements for direct discharges, 
indirect discharges, and dredge and fill 
activities; 

e Chapter 4 provides guidance for 
compliance with requirements of the 
SDWA that may be applicable or 
relevant and appropriate to CERCLA 
sites; and 

o Chapter 5 provides guidance on 
consistency with policies for ground- 
water protection. 

The manual also contains a hypothetical scenario 
illustrating how ARARs are identified and used, 
and an appendix summaridng the provisions of 
RCRA. CWA, and SDWA. 

Part II of the ARARS guidance covers the 
Clean Air Act, other federal statutes, and state 
requirements. Spedfieally: 

e Chapter 1 provides an introduction to 
Part 11 of the guidance, and also includes 
extensive summaxy tables; 



e Chapter 2 describes Clean Air Act 
requirements and related RCRA and 
state requirements; 

e 

0 

0 

11.5 

Chapters 3 and 4 provide guidance for 
compliance with several other federal 
statutes; 

Chapter 5 discusses potential ARARS for 
sites contaminated with radioactive 
substanc#x 

aiaptez 6 addresses requirements s e e  
to mining, milling, or smelting sites; and 

Chapter 7 provides guidance on 
identifying and complying with slate 
ARARS. 

SUPERFUND EXPOSURE 
ASSESSMENT MANUAL 

The Superfwrd Expsswe Rrsersmrnt Manual 
(EPA 1988e), which was developed by the 
Superfund program specifically as a companion 
documem to the original Superfknd Public Health 
Evohotiopr Nrunral (EPA 1986), provides RPMs 
and regional risk 8ssessors with the guidance 
necessary to conduct cxposure assessments that 
meet the needs of the Superfund human health 
risk evaluation process. Specifically, the manual: 

0 provides an Ovtrau description of the 
integrated acposare assessment as it is 
applied to uncontrolled hazardous waste 
sites; and 

m sews as a source of reference 
concerning the use of estimation 
procedures and computer modeling 
techniques for the anaiysis of 
uncontroIld sites. 

The analytical process outlined in the 
Supsfknd Erpanvc Assesmenz Mmrurrl provides 
a b e w o r k  for the asessmnt of cxposure to 
wntaminants at or migrating from uncontrolled 
hazardous waste sites. The application of both 
monitoring and modeling procedures to the 
arposore assesmat process is outlined in the 
manual. 'Ihirpraoessamsidemallcontaminant 
reieaseS and exposure routes and assures that an 

adequate level of andytid detail is applied to 
suppon the human health risk assessmeat process. 

The exposure assessment process described in 
the Supe$md Ezponue Rvessment Manual is 
structured in five segments: 

(1) analysis of contaminant releases from a 
subject site into environmental media; 

(2) evaluation of the transport and 
environmental fate of the contaminants 
r e l e  

(3) identification, enumeration, and 
charaaexhation of potentially exposed 
populations; 

(4) integrated exposure analysis; and 

(5)  uncertainty-is. 

Two recent publications from EPA's Office 
of Research and Development, the Exposure 
F a a m  Handbwk (EPA l989b) and the Erposute 
Assesmen! Merhds H'k (EPA 19%). 
provide useful information to supplement the 

of these key exposure assessment references should 
be used in conjunction with Chapter 6 of this 
manual. 

s u ~ ~ R p s c s s m e n r M m r u a l .  Authree 

23 R1EILATED s m m  
STUDIES 

This section i&entih and briefly describes 
other Superfund studies related to, and sometimes 
confused with, the RUFS human health evaluation. 
It contrasts the objectives and methods and 

with RUFS health risk assessments The types of 
studies discclssed are -nt assessments, 
ATSDR health assessmenrs, and ATSDR health 
Snrdies. 

dari6es the relationships of these other studies 

Before taking enfcmamnt action against 
parties responsible for a hazardoos waste site, 
EPA must determine tbat an imminent and 
substantial endangement to public health or the 
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, environment exists as a result of the site Such a 
ksal d- * tion is called an endangerment 
assessment For remedial sites, the process for 
anaiping whether there may be an endangerment 
is described in this Hwnan Health Evolrrnrihn 
Munual and its companion Environmmral 
Evohcrti4n Monrral. In the past, an endangerment 
assessment often was prepared as a study separate 

‘ftom the baseline risk assessment. With the 
passage of SARA and changes in Agency practice, 
the need to perform a detailed endangerment 
assessment as a separate effort h m  the baseline 
risk assessment has been eliminated. 

For administrative Orders requiring a remedial 
design or =medial action, endangerment 
assessment determinations are now based on 
infoxmation developed in the site baseline risk 
assessment. Elements included in the baseline 
risk assessment conducted at a Superfund site 
during the RUFS process fully satis@ the 
informational requirements of the endangerment 
assessment. These elements include the following: 

e identification of the hazardous wastes 
or hazardous substances present in 
environmental media; 

e a=SeSSment of exposure, including a 
characterization of the environmental 
fate and transport mechanisms for the 
hazardous wastes and substances present, 
and of exposure pathways; 

e assessment of the toxicity of the 
hazardous wastes or substances present; 

o characterization of human health risks; 
and 

e characterization of the impacrs and/or 
risks to the environment. 

The human health and environmental 
evaluations that are part of the RVFS are 
conducted for purposes, of determining the 
baseline risks posed by the site, and for ensuring 
that the selected remedy will be protecthe of 
human health and the enviromenL The 
endangerment asssment is used to support 
litigation by detemining that an imminent and 
substantial endangerment aoisu. information 
presented in the human health and cmrironmtntal 

evaluations is basic to the legal determination of 
elldangennenL 

In 1985, EPA produced a draft manual 
specifidly written for endangerment assessment, 
the E-dangement Assessment Handbook. €PA 
has determined that a guidance separate ftom the 
Risk Assessment Grridancc for Supajiind (Human 
Health EvaiuatiOn Manual and Enviromenral 
EvalrrotMn Manual) is not required for 
endangerment assessment; therefore, the 
Endangemens Assammu Handbook will not be 
made 6nal and should no longer be used. 

2.2.2 A”QR HEALTH ASSESSMENTS 

CERCLAsection 104(i), as amended, requires 
the Agency for Toxjc Substances and Disease 
Registry (ATSDR) to umduc! health assessments 
for all sites listed or proposed to be listed on the 
NPL A health assessment mdudes a preliminary 
assessment of the potential threats that individual 
sites and facilities pose to human health. The 
health assessment is required to be completed “to 
the maximum extent practicable” before 
completion of the RUFS. ATSDR personnel, 
state personnel (through cooperative agreements), 
or contractors follow six basic steps, which are 
based on the same general risk assessment 
framework as the EPA human health evaluation: 

(1) evaluate information on the site’s 
physical, geographical, lhistorical, and 
operational setting, assess the 
demographics of nearby populations. and 
idenm health concerns of the affected 
communiv(ies); 

(2) determine contaminants of concern 
associated with the site; 

(3) idenw and evaluate environmental 
pathways; 

(4) identify and evaluate human exposure 
Pathways; 

(5) identify and evaluate public health 
implications based on available medical 
and toxicological information; and 

(6) develop conclusions concerning the 
health threat posed by the site and make 



recommendations regarding further 
public health activities. 

The purpose of the ATSDR health 
assessment is to assist in the evaluation of data 
and information on the release of toxic substances 
into the environment in order to assess any 
current or future impact on public health, develop 
health advisories or other health-related 
recommendations, and idenufy studies or actions 
needed to evaluate and prevent human health 
effects. Health assessments are intended to help 
public health and regulatory officials determine if 
actions shonld be taken to reduce human exposure 
to hazardous substances and to recommend 
whether additional information on human 
exposure and associated risks is needed Health 
assessments also are written for the benefit of the 
informed community associated with a site, which 
could indude citizen p u p s ,  local leaders, and 
health PrOfeSSkMk. 

Several important differences exist betwzen 
€PA human health evaluations and ATSDR 
health assessments. EPA human health 
evaluations include quantitative, substance-speafic 
estimates of the risk that a site poses to human 
health. These estimates depend on statistical and 
biological models that use data from human 
epidemiologic investigations and animal toxicity 
studies. The information generated from a human 
health evaluation is used in risk management 
decisions to establish deanup levels and select a 
remedial alternative. 

ATSDR health assessments, although they 
may employ quantitative data, are more qualitative 
in nature. They focus not only on the possible 
health threats posed by chemical contaminants 
attributable to a site, but consider all health 
threats, both chemical and physical, to which 
residents near a site may be subjected. Health 
assessments focus on the medical and public 
health conoms associated with exposures at a site 
and discuss especially sensitive populations, toxic 
mechanisms, and possible disease outcomes. EPA 
considers the information in a health assessment 
along with the results of the baseline risk 
assessment to give a complete picture of health 
threats. Local health professionals and residents 
use the information to understand the potential 
health threats posed by specific waste sites. 
Health assessments may lead to pilot health effecrs 

studies, epidemiologic studies, or establishment of 
exposure or disease registries. 

=A's Guidance for Cootdinating ATSDR 
Health Rcressment Aczivk wirir the Supe@nd 
Remedialhces (€PA 1987) provides information 
to EPA and ATSDR managers for use in 
coordinating human health evaluation activities. 
(Section 21, in its discussion of CERCLA. 
provides further information on the statutory bass 
of ATSDR health assessments.) 

2.23 ATSDR HEALTH STUDIES 

After conducting a health assessment. 
ATSDR may determine that additional health 
effects information is needed at a site and, as a 
result, may undertake a pilot study, a full-scale 
epidemiological study, or a disease registry. Three 
fypes of pilot studies are predominant: 

(1) a symptom/diSease prevalence study 
consisting of a measurement of self- 
reponed disease occurrence. which may 
be validated through medical records if 
they are available; 

(2) a human exposure study consisting of 
biological sampling of persons who have 
a potentially high likelihood of exposure 
to determine if actual exposure can be 
verified; and 

(3) a cluster investigation study consisting 
of an investigation of putative disease 
clusters to determine if the cases of a 
disease are excessively high in the 
concerned community. 

A full-scale epidemiological study is an 
analytic investigation that evaluates the possible 
causal relationships beween exposure to 
hazardous substances and disease outcome by 
testiag a scientific hypothesis. Such an 
epiddological study is usually not undertaken 
unless a pilot study reveals widespread exposure 
or increased prevalence of disease 

ATSDR, in mperation with the states, also 
may choose to follow up the results of a health 
assessment by establishing and maintaining 
national regisvies of persons exposed to hazardous 
substances and lpersons with serious diseases or 
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illness. A regisny is a system for collecting and 
maintaining, in a svuctured record information on 
specific persons from a defined population. The 
purpose of a registry of persons exposed to 
hazardous substances is to facilitate development 
of new scientific knowledge through identification 
and subsequent follow-up of persons exposed to 
a defined substance at selected sites. 

Besides identifying and tracking of exposed 
persons, a registry also is used 10 coordinate the 
clinicai and research activities that involve the 
registrants. Registries serve an important role in 
assuring the uniformity and quality of the 
collected data and ensuring that data collection is 
not duplicative, thereby reducing the overall 
burden to exposed or potentially exposed persons. 
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EVALUATION E s 

This chapter disatsses issues related to 
planning the human health evaluation conducted 
during the RVFS. It presentr the goals of the 
RVFS process as a whole and the human health 
evaluation in particular (Sections 3.1 and 3.2). It 
next discusses the way in which a site that is 
divided into operable units should be mated in 
the human health evaluation (Section 33). F2I/FS 
scoping is discussed in Senion 3.4, and Section 3.5 
addresses the level of effort and detail necessary 
for a human health evaluation. 

3.1 GOAL OF THE W S  

The goal of the RYFS is to gather 
information sufficient to support an informed risk 
management decision regarding which remedy 
appears to be most appropriate for a p e n  site. 
The RVFS provides the context for all site 
characterization activity, including the human 
health evaluation. To attain this goal efficiently, 
EPA must idenufy and characterize hazards in a 
way that will contribute directly to the selection 
of an appropriate remedy. Program experience 
has shown that Superbd sires are complex, and 
are characterized by heterogeneous wastes, extreme 
variability m contamination levels, and a variety 
of environmental settings and potential exposure 
pathways. Consequently, complete characterization 
of a site during the RI/ES, in the sense of 
eliminating unenainty, is not feasible, a t -  
effeabe, or necessary for selection of appropriate 

This view has motivated the 
wsueamiined approach" EPA i s  taking to help 
acwmpljsh the goal of completing an RUES in 18 
months at a cost of S75QCXXI per operable unit 

and Sl.1 million per site. The streamlined 
approach recognizes that the elimination of all 
uncertainties is not possible or necessary and 
instead strives only for sufficient data to generally 
characterize a site and support remedy selection. 
The resulting remedies are flexi'ble and incorporate 
specific contingencies to respond to new 
information discovered during remedial action and 
follow-up. 

3.2 GOAL OF THE RUFS MUMAN 
HEALTH EYALUATION 

As part of the effort to streamline the 
process and reduce the cost and time required to 
conduct the RUFS, the Superfund human health 
evaluation needs to focus on providing 
information necessary to just@ action at a site 
and to select the best remedy for the site. This 
should indude characterizhg the COntaminanU, 
the potential exposures, and the potentially 
exposed population sufficiently to determine what 
risks need to be reduced or eliminated and what 
exposures need to be prevented. It is imporrant 
to recognize that information should be developed 
only to help EPA determine what actions are 
neQssary to reduce risks, and not to fully 
characte&e site risks or eliminate all uncertainty 
from the anaiysis. 

In a logical extension of this view, EPA has 
made a policy decision to use, wherever 

and d u e s  in the human health evaluation to 

approach has the added benefit of making human 

8 D D I P D n a  . tqsmdankd * asamptions,equations, 

achievethfigoalOfStN=dUl - eda!sessmenL This 



health evaluation easier to review, easier to 
understand, and more consistent from site to site. 
Developing unique aposure assumptions or Don- 
standard methods of risk assessment should not be 
necessary for most sites. Where justified by site- 
specific data or by changes in knowledge over 
time, however, non-standard methods and 
assumptions may be ltsed 

3 3  QPERABLEUMTS 

Current practice in designing remedies for 
Superfund sites often divides sites into operable 
units that address disuete aspects of the site (e.g., 
source control, pond-water remediation) or 
difkrent geographic portions of the site. 'Ihe 
NCP defines operabb unit as *a discrete action 
that Comprises an incremental step toward 
comprehensively- . gsiteproblems." R I B S  
may be conducted for the entire site and operable 
units broken out during or after the feasiiLity 
study, or operable units may be treated 
individualJy from the stan, with focused RYFSS 
conducted for each operable unit. The best way 
to address the risks of the operable unit wiIl 
depend on the needs of the site. 

The human health evaluation should focus on 
the subjea of the Rlks, whether that is an 
operable unit or the site as a whole. The baseline 
risk assesmeat and other risk informauon 
gathered wiIl provide the justification for taking 
the action for the operable unit AI the same 
the, personnel invohd in oonduaiag the human 
health evaluation for a dDepsed RVFS must k 
mindfpl of other poteotial a p u r e  pathways, and 
other actiom that are being contemplated for the 
sitetoaddressothetpmtialupo!$~ Risk 
asessms sbouIdibr&ee tbat czpaeprr pathway5 
outside the scope of the - RUFS may 
ultimately be amblnd - witherposunpathway 
tbatared . i redyrddrepsedbythe~RvFs  

should prevent the anepctd d#isamy of high 
Omdamg rbb hm dl related operable uniu 

multiple pathway rislrs during the human health 
evaluation for the last operable unit Consider, 
for ammpk a site that will bt in two 
operable Pnits: a sprfafe soil deanup at the 
ammmisation-andaoepawtegnmnd-watcr 
clcanop RfbJBansndRtcdwithtesjdpabbmthe 

n d  to be 4)11564e586 as a camdazive total if 
son deamop and the Ip'opnd-wata cleanup may 

there is the potential for apo~ure to both media 
at the same time. 

3.4 W S  SCQPWG 

Planning the human health evaluation prior 
to beginning the detailed analysis is an essential 
step in the process. The RPM must make up- 
front decisions about, for example, the scope of 
the baseline risk asessment, the appropriate level 
of derail and docrunentatioa tradeofk between 
depth and breadth in the analysis, and the staff 
and monetary resources to commit. 

Scoping is the initial planning phase of the 
RYFS process, and many of the planning steps 
begun here are continued and reaed in later 
phases. -ping activities typically begin with the 
collection of uisting site data, including data kom 
previous iwestigations such as the prelimimy 
assessment and site inspection. On the basis of 

undenaken to probable boundaries of the 
study area, to identiiy likely remedial action 
objectives and wherher interim actions may be 
necessary or appropriate, and to establish whether 
the site may best be remedied as one site or as 
several separate operable units. Once an overall 
management strategy is agreed upon, the RVFS 
for a spe&c project or the site as a whole is 
P-* 

this iIlfor7natioa site managerneat planning is 

The development of remedial alternatives 
usually begips during or so011 a&r mping, when 
Iikely response scenarios may fim be ideati6ed. 
The development of almnatives requires 

m identifying potential treatmen& resource 

that wiU saw these objectiws; and 
recwery, and mmaimunt technologies 

8 suewing the technologies based on their 
et&ctiveness, implcmentability, and ~ 3 6 ~  



entire site The approach is flexible to allow 
alternatives to be considered in combination at 
various points in the process. "he RUFS guidance 
discwes planning in greater detail. 

An imponant part of scoping is determining 
the appropriate level of effortnevel of derail 
necessary for the human health evaluation. 
Human health evaluation can be thought of as 
spanning a continuum of complexity, detail, and 
level of effort, just as sites vary in conditions and 
complexity. Some of the site-spedc factors 
afzecting level of effort that the RPM must 
consider include the following: 

e number and identity of chemicals 
present; 

0 availability of ARARs and/or applicable 
toxiaty data; 

e number and complexity of arposure 
pathways (including complexity of release 
sources and transport media), and the 
need for environmental fate and 
vansport modeling to supplement 
monitoring data; 

e necessity for precision of the results, 
which in turn depends on site conditions 
such as the extent of contaminant 
migration, characteristicr of potenually 
exposed populations, and enforcement 
considerations (additional quantification 
may be warranted for some enforcement 
sites); and 

o quality and l-tity of awailable 
monitoring data. 

This manual if Written to address the most 
comDlex sites, and as a result not all of the steus 
gnd urucedures of the SuDerfund human health 

to all remedial sites. For example, Section 46 
provides procedures and equations for estimating 
chemical intakes through numerous exposure 
routes, although lor many sites, much of this 
information will not apply (eg.. the exposure 
route does not exist or is determined to be 
relatively unimportant). This manual establishes 
a generic framework that is broadly applicable 
across sites, and it provides specific procedures 
that cover a range of sites or situations that may 
or may not be appropriate for any individual site. 
As a couseqmce of attempting to cover the wide 
variety of Superfund site conditions, some of the 
process components, steps, and techniques 
descn'bed m the manual do not apply to some 
sites. In addition, most of the components can 
vary greatly in level of detail. Obviously, 
determining which elements of the process are 
necessary, which are desirable, and which are 
extraneous is a key decision fur each site. Au 
components should not be forced into the assess- 
ment of a site, and the evaluation should be 
limited to the complexity and level of detail 
necessary to adequately ases risks for the 
purposes descn'bed in M o n s  3.1 and 3.2. 

eValPaUOn D- d&W in thh Ulanual aDDiV 

Planning related to the collection and analysis 
of chemical data is perhaps the most important 
planning step. Early coordination among the risk 
assesson, the remainder of the RVFS team, 
representatives of other agenaes involved in the 
risk assessment or related studies (e+, ATSDR, 
natural resource trustees such as the Department 
of the Interior, state agencies), and the RPM is 
essential and preferably should o a x  during the 
scoping stage of the RVFS. Detailed guidance on 
planning related to collection and ~MIYSIS of 
chemical data is given in Chapter 4 of this 
manual. 
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This chapter discusses procedures for 
acquiring reliable chemical release and exposure 
data for quantitative human health risk assessment 
at hazardous waste sires.' The chapter is intended 
to be a limited discussion of important sampling 
considerations with respect to risk assessment; it 
is not intended to be a complete guide on how to 
collect data or design sampling plans. 

Following a general background section 
(Section 4.1), this chapter addresses the following 
eight important areas: 

review of available site information 
(Section 4.2); 

consideration1 of modeling parameter 
needs (Section 4.3); 

definition of background sampling needs 
(Section 4.4); 

preliminary identification of potentiall 
human exposure (Section 4.5); 

development of an overalsl strategy for 
sample collection (Section 4.6); 

definition of required QNQC measures 
(Section 4.7); 

evaluation of the need for Special 
Ana1:Jtical Services (Section 4.S); and 

activities during workplan development 
and data collection (Section 4.9). 

4.1 BACKGROUND INFORMATION 
USEFUL FOR DATA 
COLLECTION 

This Section provides background information 
on the types of data needed for risk assessment, 
overall data needs of the RUFS, reasons and steps 
for identifying risk assessment data needs early, 
use of the Dara Qua@ Objem'ves for Remedial 
Respone Auivitis (EPA 1987a,b, hereafter 
referred to as the DQO guidance), and other data 
concern. 

4.1.1 TYPES OF DATA 

In general, the types of site data needed for 
a baseline risk assessment include the following: 

e contaminant identities; 
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o contaminant concentrations in the key 
sources and media of interest;* 

e characteristics of sources, especially 
information related to release potential, 
and 

e characteristics of the environmental 
setting that may affect the fate, transport, 
and persistence of the contaminants. 

Most of these data are obtained during the 
course of a remedial investigation/feasibility study 
(RVFS). Other sources of information, such as 
prehminaq asessmentlsite inspection (PMI) 
reports, also may be available. 

4.13 DATA NEEDS AND THE RUFS 

The RI/FS has four primary data collection 
components: 

* tion of site conditions; - -_ (1) - 
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(2) determination of the nature of the 
wastes: 

(3) risk assessment; and 

(4) treatability testing. 

The site and waste characterization components of 
the RUES are intended to determine 
characteristics of the site (e.g., ground-water 
movement, surface water and soil characteristics) 
and the nature and extent of contamination 
through sampling and analysis of sources and 
potentially contaminated media. Quantitative risk 
assessment, like site characterization, requires data 
on concentrations of contaminants in each of the 
source areas and media of concern. Risk 
assessment also requires information on other 
variables necessary for evaluating the fate, 
transport, and persistence of contaminants and 
estimating current and potential human exposure 
to these contaminants. Additional data might be 
required for environmental risk assessments (see 
EPA 198%). 

Data also are collected during the RVFS to 
support the design of remedial alternatives. As 
discussed in the DQO guidance (EPA 1987a,b), 
such data include results of analyses of 
contaminated media "before and after" bench-sale 
treatability tests. This information usually is not 
appropriate for use in a baseline risk assessment 
because these media typically are assessed only for 
a few individual parameters potentially afiected by 
the treatment being tested. Also, initial 
treatability testing may involve only a screening 
analysis that generally is not sensitive enough and 
does not have sufficient quality assurance/quality 
control (QNQC) procedures for use in 

quantitative risk assessment 

4.13 EARLY IDENTIFICATION OF DATA 
NEEDS 

Because the RUFS and other site studies 
serve a number of different purposes (e.g., site 
and waste characterkition, design of remedial 
alternatives), only a subset of this information 
generally is useful for risk assessment. To ensure 
that all risk assessment data needs will be met, it 
is important to identify those needs early in the 
RVFs pianning for a site. The earlier the 
requirements are identi6e4 the better the chances 

are of developing an RVFS that meets the risk 
assessment data collection needs. 

One of the earliest stages of the RI/FS at 
which risk assessment data needs can be addressed 
is the site scoping meeting. As discussed in the 
Guidance for Condudng Remedial Znvesrigations 
and Fearibikry Studies Under CERCU (€PA 
1988a. hereafter referred to as RJ/Fs guidance), 
the scoping meeting is part of the initial planning 
phase of site remediation. It is at this meeting 
that the data needs of each of the RI/FS 
components (e.g.* site and waste characterization) 
are addressed together. %oping meeting attendees 
include the RPM, contractors conducting the 
RVFS (including the baseline risk assessment), 
onsite personnel (cg., for construction). and 
natural resource trustees (e.g., Department of 
Interior). The scoping meeting allows 
development of a comprehensive sampling and 
analysis plan (SAP) that will satisfy the needs of 
each FU/FS component while helping to ensure 
that time and budget consvaints are met. Thus, 
in addition to aiding the effort to meet the risk 
assessment data needs, this meeting can help 
integrate these needs with other objectives of the 
RVFS and thereby help make maximum use of 
available resources and avoid duplication of effort. 

During scoping activities. the risk assessor 
should identify, at least in preliminary fashion, the 
type and duration of possible exposures (e.g., 
chronic, intermittent), potential exposure routes 
(e.g., ingestion of fish, ingestion of drinking water, 
inhalation of dust), and key exposure points (e.g., 
municipal wells, recreation areas) for each 
medium. The relative importance of the potential 
exposure routes and exposure points in 
determining risk should be discussed, as should 
the consequences of not studying them adequately. 
Section 4.5 and Chapter 6 provide guidance for 
identifying exposure pathways that may exist at 
hazardous waste sites. If potential exposure 
pathways are identitied early in the RUFS process, 
it will be easier to reach a decision on the 
number, type, and laxtion of samples needed to 
assess exposure. 

During the planning stages of the RUFS, the 
risk assessor also shouid determine if non-routine 
(Le, lower) quaxititation limits are needed to 
adequately characterize risks at a site. Special 
Analytical Services (SAS) of the EPA Contract 



Laboratory Program (CLP) may be needed to 
achieve such lower quantitation limits. (See 
Section 4.8 for additional information concerning 
quantitation limits.) 

4.1.4 USE OF THE DATA QUALITY 
OBJECTIVES (DQO) GUIDANCE 

The DQO guidance (EPA 1987ab) provides 
information on the review of site data and the 
determination of data quality needs for sampling 
(see the box below). 

OVERVIEW OF DQO GUIDANCE 

Use of this guidance will help ensure that all 
environmental data colleaed in support of RUFS 
activities are of known and documented quality. 

4.15 OTHER DATA CONCERNS 

The simple existence of a data aollection plan 
does not guarantee usable dam The risk assessor 
should plan an active role m oversight of data 
collection to ensure that relevant data have been 
obtained (See Section 4.9 for more information 

on the active role that the risk assessor must 
Play.) 

After data have been collected, they should 
be carefully reviewed to idenufy reliable, accurate. 
and verifiable numbers that can be used to 
quantify risks. All analytical data must be 
evaluated to identify the chemicals of potendal 
concern (Le., those to be carried through the risk 
assessment). Chapter 5 discpsses the criteria to 
be considered in selecting the subset of chemical 
data appropriate for baseline risk assessment. 
Data that do not meet the criteria are not 
included in the quantitative risk assessment: they 
can be discussed qualitatively in the risk 
assessment report, however, or may be the basis 
for further investigation. 

4.2 REVDEW OF AVAILABLE SITE 
INFORMATION 

Available site information must be reviewed 
to (1) determine basic site characteristics, (2) 
initially identify potential exposure pathways and 
exposure points, and (3) help determine data 
needs (including modeling needs). All available 
site information (ie., information existing at the 
start of the RVFS) should be reviewed in 
accordance with Stage 1 of the DQO process. 
Sources of available site information include: 

6 RUFS scoping information; 

6 PA61 data and Hazard Ranking System 
(HRS) documentation; 

0 listing site inspection (IS) data 
(formally referred to as expanded site 
inspection, or ESI); 

0 photographs (e.& -A's Environmental 
Photographic Interpretation Center 
[EPICJ); 

e records on removal actions taken at the 
site; and 

0 information on amounts of hazardous 
subsfance~ disposed (e+, from site 
records). 

-- 
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If available, IS1 (or ESI) data are especially useful 
because they represent fairly extensive site studies. 

Based on a review of the existing data, the 
risk assessor should formulate a conceptual model 
of the site that identifies all potential or suspected 
sources of contamination, types and concentrauons 
of contaminants detected at the site, potentially 
contaminated media, and potential exposure 
pathways, including receptors (see Exhibit 4-1). 
As discussed previously, identification of potential 
exposure pathways, espedly the exposure points, 
is a key element in the determination of eta 
needs for the risk assessment. Details concerning 
development of a conceptual model for a site are 
provided in the DQO guidane (EPA 1987ab) and 
the RUFS guidance (EPA 1988a). 

In most cases, site information available at 
the start of the RI/FS is insufficient to fully 
characterize the site and the potential exposure 
pathways. The conceptual model developed at this 
stage should be adequate to determine the 
remaining data needs. The remainder of this 
chapter addresses risk assessment data needs in 
derail. 

43 ADDRESSING MODELING 
PARAMETER NEEDS 

As discussed in detail in Chapter 6, 
conramrnant release, transport, and fate models 
are often needed to supplement monitonng data 
when estimaring exposure concentrations. 
Therefore, a prelhinary site modeling strategy 
should be developed during RYFS scoplng to 
allow model input data requirements to be 
incorporated into the data collection requirements. 
This prelrmtnary identifiation of models and 
other related data requirements wiU ensure that 
data for model &ration and validation are 
collected along with other physrcal and chemical 
data at the site Exhiit 4-2 l i s ~  (by medium) 
several sirespecific parameten often needed to 
incorporate fate and transport models in risk 
assessmenu, 

Although default values for some modeling 
parameters are available, it b preferable to obtain 
s i t e - s m c  values for as many input parameters 
as is h i l e .  If the model is not sensitive to a 

~~ 

panicuiar parameter for which a default value is 
available, then a default value may be used. 
Similarly, default values may be used if o b m g  
the site-spea6c model parameter would be too 
time consuming or expensive. For example. 
certain airborne dust emission models use a 
default value for the average wind speed at the 
site; this is done because representam 
measurements of wind speed at the site would 
involve significant amounts of time (i.e.. samples 
would have to be collected over a large part of 
the year). 

Some model parameters are needed only if 
the sampling Conducted at a site is suffident to 
support complex models. Such model parameters 
may not be necessary if only simple fate and 
transport models are used in the risk assessment. 

4.4 DEFIMING BACKGROUND 
S W U N G  NEEDS 

Background sampling is conducted to 
disanguish site-related conramination from 
naturally occuning or other non-site-related levels 
of chemicals. The following subsections define the 
types of background contamination and provide 
guidance on the appropriate location and number 
of background samples. 

4.4.1 TYPES OF BACKGRQUND 

There are two different types of background 
levels of chemicals: 

(1) M d h r  leVeb, Which 8 f e  

ambient concentratians of chemids 
present in the environment that have not 
been influenced by humans (e& 
aluminum, manganese); and 

poeenic levels, which arc 
wnaentrations of chemlds * that are 
present in the environment due to 
human-made, non-site SOUTQ~S (eg., 
indusuy, automobiles). 

(2) an- 

Bllckgroulld OLll range from localized to 
ubiqritous. For exampie, e a d e s  - most of 
which are not ~ t ~ ~ i l l y  oazming (anthropogenic) - may be UbiqpitOuS in Certain afeas (a& 



ELEMENTS OF A CONCEPTUAL EVALUATION MODEL 

RECEPTORS 

VARIABLES 

0 CONTAMINANTS 
Q CONCENTRATIONS 
0 TIME 
O LOCATIONS 

8 MEDIA 
8 RATES OF MIGRATION 
Q TIME 
Q LOSS AND GAIN FUNCTIONS 

Q TYPES 
0 SENSITIVITItES 
0 TIME 
0 CONCENTRATIONS 
Q NUMBERS 

HYPOTHESES TO 
BE TESTED 

e SOURCE EXISTS 

0 SOURCE CAN BE CONTAINED 

0 SOURCE CAN BE REMOVED 
AND DISPOSED 

Q SOURCE CAN BE TREATED 

Q PATHWAY EXISTS 

0 PATHWAY CAN BE 
INTERRUPTED 

0 PATHWAY CAN BE 
ELI MI NATED 

0 RECEPTOR IS NOT 
IMPACTED BY MIGRATION 
OF CONTAMINANTS 

O RECEPTOR CAN BE 
RELOCATED 

0 INSTITUTIONAL CONTROLS 
CAN BE APPLIED 

0 RECEPTOR CAN BE 
PROTECTED 

- .- SOURCE: EPA 1987a 
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EXAMPLES OF MODELING P-RS FOR WHICH 
INFORMATION MAY NEED TO BE OBTAIhED DURING 

A SITE S W U N G  INVESTIGATION 

Type of Modeling Modeling Paramete& 

source characteristics 

soil 

Ground-water 

Air 

Surface Water 

Sediment 

Biota 

Geometry, physicaUchemicl conditions, emission rate, emission 
strength, geosraphy 

Particle size, dry weight, pH, redox potential, mineral class, organic . 
carbon and clay content, bulk density, soil porosity 

Head measurements, hydraulic conductivity (pump and slug test 
results), saturated thickness of aquifer, hydraulic gradient, pH. 
redox potential, soil-water partitioning 

Prevailing wind direction, wind speeds, stability class, topography, 
depth of waste, contaminant concentration in soil and soil gas, 
fraction organic content of soils, silt content of soils, percent 
vegetation, bulk density of soil, soil porosity 

Hardness, pH, redox potential, dissolved oxygen, salinity, 
temperature, conductivity, total suspended solids, flow rates 
and depths for rivers/streams, estuary and embayment 
parameters such as tidal cycle, saltwater incursion extent, 
depth and area, lake parameters such as area, volume, depth, 
depth to thermocline 

Particle size distribution, organic content, pH, benthic oxygen 
conditions, water content 

Dry weight, whole body, specific organ, and/or &%le portion 
chemical concentrations, percent moisture, lipid content, 
size/age, life history stage 

a Thse parameters are not necessarily limited to the type of modeling with which they are 
associated in this exhiiit For example. many of the parameters listed for sur fae  water are also 
appropriate for sediments. 



agricultural areas); salt runoff from roads during 
periods of snow may contriiute high ubiquitous 
levels of sodium. Polycyclic aromatic 
hydrocarbons (PAHs) and lead are other examples 
of anthropogenic, ubiquitous chemicals, although 
these chemicals also may be present at naturally 
oaaming levels in the environment due to natural 
sources (eg., forest fires may be a source of 
PAHs, and lead is a natural component of soils in 
some areas). 

extent (in three dimensions) of a contaminated 
area. However, statistical analyses are required 
at some sites, making a basic understanding of 
statistics necessary. The following discussion 
outlines some basic statistical concepts in the 
context of background data evaluation for risk 
assessment. (A general statistics textbook should 
be reviewed fbr additional detail. Also, the box 
below lists EPA guidance that might be useful.) 

4.4.2 BACKGROUND W W N G  
LOCATIONS 

Background samples are collected at or near 
the hazardous waste site in areas not influenced 
by site contamination. They are collected from 

medium of concern in these oflsite areas. 
That is, the Iocauons of background samples must 
be areas that could not have received 
contamination from the site, but that do have the 
same basic characteristics as the medium of 
concern at the site. 

Identifying background lucation requires 
knowing which direction is upgradienv'upwindl 
upsveam. In general, the direction of water flow 
tends to be relatively constant, whereas the 
direction of air flow is constantly changing. 
Therefore, the determination of background 
locations for air monitoring requires constant and 
concurrent monitoring of factors such as wind 
direction. 

4.43 BACKGROUND SAMPLE SIZE 

In appropriate circumstances, statstics may 
be used to evaluate background sample data. 
Because the number of background samples 
collected is important for statistical hypothesls 
testing, at some sites a statistician should be 
consulted when determining background sample 
size. At all sites, the RPM should decide the 
level of statistical analysis applicable to a 
particular situation. 

Often, rigorous statistical analyses are 
unnecessary because site- and non-site-related 
contamination clearly differ. For most sites, the 
issue will not be whether a difference in chemical 
concentrations can be demonstrated between 
Contaminated and background areas, but rather 
that of establishing a reliable representation of the 

STATISTICAL METHODS GUIDANCE 

S t d c a t  Methodt fbr Evaiuaring Ground- 

Faci&eS (EPA 1988b) 
WatetMoniroringDarafnmr- w m  

Love C a d  Emagacy Deciarazion Area 
Habttabilj. Sncdy (EPA 1988d) 

Sob SarnplingQu&yAssumnce Guide (EPA 
1989b) 

A statistical test of a hypothesis is a rule 
used for deciding whether or not a statement (Le., 
the null hypothesis) should be rejected in favor of 
a speafied alternative statement (Le.. the 
alternative hypothesis). In the context of 
background contamination at hazardous waste 
sites, the null hypothesis can be expressed as 
"there is no difference between contaminant 
concentrations in background areas and onsite," 
and the alternative hypothesis can be expressed as 
"concentrations are higher onsite." This expression 
of the alternative hypothesis implies a one-tailed 
test of significance. 

The number of background samples collected 
at a site shouId be sufficient to accept or reject 
the null hypothesis with a specified Iikelihood of 
error. In statistical hypothesis testing there are 
two types of error. The nulI hypothesis may be 
rejected when it is me (Le., a %e 1 error), or 
not rejected when it is false (Le., a me 11 error). 
An example of a Type I error at a hazardous 
waste site would be to conclude that contaminant 
concentrations in onsite soil are higher than 
background soil concentrations when in fact they 

.- - 
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are not. The corresponding l'ype II error would 
be to conclude *that onsite contaminant 
concentrations are not higher than background 
concentrations when in fact they are. A Type I 
error could result in unnecessary remediation, 
while a Tvpe I1 error could result in a failure to 
clean up a site when such an action is necessary. 

In customary notations, a (alpha) denotes the 
probability that a Qpe I error will &r, and ,b 
(beta) denotes the probability that a I1 error 
will occur. Most statistical comparisons refer to 
a, also known as the level of significance of the 
test. If a = 0.05, there is a 5 percent (i.e., 1 in 
20) chance that we will conclude that 
concentrations of contaminants are higher than 
background when they actually are not. 

Equally critical considerations in determining 
the number of background samples are p and a 
concept called "power." The power of a statlstical 
test has the value 1 - ,8 and is defined as the 
likelihood that the test p r o d u r e  detects a false 
nuIl hypothesis. Power functions for commonly 
used statistical tests can be found in most general 
statistical textboob. Power cumes are a function 
of a (which normally is fixed at 0.05). sample sue 
(Le., the number of background and/or onsite 
samples), and the amount of variability in the 
data. Thus, if a 15 percent likelihood of failing 
to detect a false null hypothesis is desired (i.e.. B 
= 0.15), enough background samples must be 
collected to ensure that the power of the t a t  is 
at least 0.85. 

A small number of background samples 
increases the likelihood of a TLpe I1 mor. If  an 
insufficient number of background samples IS 
collected, fairly large differences betwwn site and 
background concentrations may not be statlsncally 
significant. even though concentrations ID the 
many site samples are higher than the few 
background samples. To guard agamt thls 
situation, the statistical power associated w t h  the 
comparison of background samples w t h  site 
samples should be evaluated. 

In general, when trying to detect small 
differences as statistically s i r n c a n t ,  the number 
of background samples should be similar to the 
number of onsite samples that will be used for the 
comparison(s) (e.&, the number of samples taken 
from one well). (Note that this does not mean 

that the background sample size must equal the - total number of onsite samples.) Due to the 
inherent variability of air concentrations (see 
Seaion 4.6). background sample size for air needs 
to be relatively large. 

4.4.4 COMPARING BACKGROUND 
SAMPLES TO SITE-RELATED 
CONTAMINATION 

The medium sampled influences the kind of 
statistical comparisons that can be made with 
background data. For example, air monitoring 
stations and ground-water wells are normally 
,positioned based on onsite factors and gradient 
considerations. Because of this purposive 
placement (see Section 4.6.1). several wells or  
monitors cannot be assumed to be a random 
sample from a single population and hence cannot 
be evaluated collectively (Le., the sampling results 
cannot be combined). Therefore, the information 
from each well or air monitor should be compared 
individually with background. 

Because there typically are many site-related, 
media-specific sampling location data to compare 
with background, there usually is a "multiple 
comparison problem" that must be addressed. In 
general. the probability of experiencing a me I 
error in the entire set of statistical tests increases 
with the  number of comparisons being made. If 
a = 0.05, there is a 1 in 20 chance of a me I 
error in any single test. If 20 comparisons are 
being made. it therefore is likely that at least one 
Type I error will occur among all 20 tests. 
Starirncal Anaiysis of Ground-water Monitonng 
Dara ar RCRA Facilities (EPA 1989~) is useful 
for designing sampling plans for companng 
information from many fixed locations with 
background. 

It may be usem at times to look at 
comparisons other than onsite versus background. 
For example, upgradient wells can be compared 
with downgradient wells. Also, there may be 
several areas within the site that should be 
compared for differences in site-related 
contaminant concentration. These areas of 
concern should be established before sampling 
takes place. if a more complicated comparison 
scheme is planned, a statistician should be 
consulted frequently to help distribute the 
sampling effort and design the analysis. 
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A statistically significant difference between 
background samples and site-related contamination 
should not, by itself, trigger a cleanup action. The 
remainder of this manual still must be applied so 
that the toxicological - rather than simply the 
statistical - significance of the contamination can 
be ascertained. 

4.5 PRELIMINARY IH)ENTIFP- 
CATION OF P Q T E ~  
HUA4A.N EXPOSURE 

A p r e h i n a ~  identification of potential 
human exposure provides much needed 
information for the SAP. This activity involves 
the identification of (1) media of concern, (2) 
areas of concern (Le, neral locations of the 

expected at the site, and (4) potential routes of 
contaminant transport through the environment 
(e.&, inter-media transfer, food chain). This 
section provides general information on the 
preliminary identifiortion of potential human 
exposure pathways, as well as specific information 
on the various media. (Also, see Chapter 6 for 
a detailed discussion of exposure assessment ) 

media to be sampled), F (3) types of chemicals 

45.1 GENERAL INFORMATION 

Prior to discussing various specific exposure 
media, general information on the following is 
provided. media, types of chemicals, areas of 
concern, and routes of amtaminant transport is 
addressed. 

Media of concern (Snduding biota). For risk 
assessment purposes, media of concern at a site 
are: 

e any currentlv contaminated media to 
which individuals may be e.xpowl or 
through which chemicals may be 
transported to potential receptors: and 

ID any currentlv uncontaminated media that 
may became contaminated in the future 
due to contaminant vansport. 

Several medium-spe.ci& 6utors in sampling may 
influence the risk BSSeSSmeLlt. For example, 
limitations in sampling the medium may limit the 

detailed evaluation of exposure pathways &scribed 
in Chapter 6. To illustrate this, if soil samples 
are not collected at the surface of a site, then it 
may not be possible to accurately evaluate 
potential exposures involving direct contact with 
soils or exposures involving the release of 
contaminants from soils via wind erosion (with 
subsequent inhalation of airborne contaminants by 
exposed individuals). Therefore, based on the 
conceptual model of the site discussed previously, 
the risk assessor should make sure that 
appropriate samples are collecred from each 
medium of concern. 

Areas of concern. Areas of concern refer to 
the general sampling locations at or near the site. 
For large sites, areas of concern may be treated 
in the RIPS as "operable units," and may include 
several medh. Areas of concern also can be 
thought of as the locations of potentially exposed 
populations (cg., nearest residents) or biota (e.g.. 
wildlife feeding areas). 

Areas of concern should be identified based 
on site-specifiic charactens 'tics. These areas are 
chosen purposively by the investigators during the 
initial =ping meeting. Areas of concern should 
include areas of the site that: 

(1) have different chemical types; 

(2) have different anticipated concentrations 
or hot spou; 

(3) are a release source of concera 

(4) differ h m  each other in terms of the 
anticipated spatxal or temporal variability 
of contamination; 

(5) must be sampled using different 
equipmeas and/or 

(6) are more or less costly to sample. 

In some instanas, the risk assessor may want 
to estimate concentrations that are representative 
of the site as a whole, in addition to each area of 
concern. In these cases, nvo conditions pnexally 
should be met in de6ning areas of concern: (1) 
the boundaria of the areas of concern should not 
m r h p  and (2) all of the areas of concern 

1 
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SOIL SAMPLING GUIDANCE 

Test MetYw& for Evaharing Solid Wnne (SW- 
844): Physicallchemrcal . Mefhods @"A 

FEU M& for Grid Sampling ofPCB SpiU . 
Sires to VerifL U e m p s  @PA 1986b) 

ACompendumof&~Fk&iOpermront 
Merhadr (EPA 1987~) 

SdSampIingQuahyRmuMce Guide @PA 
Review Draft 1989b) 

together should amunt  for the entire area of the 
site. 

Depending on the exposure pathways that 
are being evaluated in the risk assessment, it may 
not be necessruy to determine site-wide 
representative values. In this case, areas of 
concern do not have to account for the entire 
area of the site. 

, 

Types of chemicals. The types of chemicals 
expected at a hazardous waste site m a y  dictate the 
site areas and media sampled. For example, 
certain chemicals (cg., dioxins) that 
bioconcentrate in aquatic life also are likely to be 
present in the sediments. If such chemicals are 
expected at a particular site and humans are 
expected to ingest aquatic life, sampling of 
sediments and aquatic life for the chemicals may 
be particularly important. 

Due to differences in the relative toxicities of 
different species of the same chemical (e.&, crC3 
versus Cr.9, the species should be noted when 
possible. 

Routes of contaminant trans- In addition 
to medium-spedfic concerns, there may be several 
potential current and future routes of contaminant 
transport within a medium and benveen media at 
a site. For instance, discharge of ground water or 
surface runoff to surface water could occur. 
Therefore, when possible, samples should be 
collected based on routes of potential transport. 
For cases in which contamination has not yet 
reached points of human e~cposure but may be 
transported to those areas in the future, sampling 
between the contaminant source and the exposure 
locations should be aonduaed to help evaluate 
potential future concentrations to which 
individuals may be exposed (eg., through 
modeling). (See Chapter 6 for additional 
discussion on contaminant uanspon) 

4 3 3  SOIL 

Soil represents a medium of direct contact 
eqosure and often is the main sou~ce of 
contaminants released into other media. As such, 
the number, location, and type of samples 
cofleued from soils will have a significant effect 
on the risk assessment. See the box on this page 

for guidance that provides additional detailed 
information concerning soil sampling, including 
information on sampling locations, general soil 
and vegetation conditions, and sampling 
equipment, strategies, and techniques. In addition 
to the general sampling considerations discussed 
previously, the following spenfic issues related to 
soil sampling are discussed below: the 
heterogeneous nature of soils, designation of hot 
spots, depth of samples, and fate and transport 
properties. 

Heterogeneous nature of soils. One of the 
largest problems in sampling soil (or other solid 
materials) is that its generally heterogeneous 
nature makes collection of representative samples 
difficult (and compositing of samples virtually 
impossible - see Section 4.63). Therefore, a 
large number of soil samples may be required to 
obtain suffiaent data to calculate an exposure 
concentration Composite samples sometimes are 
collected to obtain a more homogeneous sample 
of a particular area; however, as discussed in a 
later section, compositing samples also sem to 
mask contaminant hot spots (as well as areas of 
low contaminant concentration). 

Designation of hot spats. Hot spots (Le., 
areas of vexy high contaminant concentrations) 
may have a significant i m p  on direct amtact 
exposures. Thc sampring plan should consider 
characterization of hot spots through extensive 
sampling, field screening, visual observations, or 
a combination of the above. 
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Depth of samples. Sample depth should be 
applicable for the exposure pathwags and 
contaminant transport routes of concern and 
shooid be chosen purposively within that depth 
interval. If a depth interval is chosen purposively, 
a random procedure to select a sampling point 
may be established. Assessment of surface 
exposures will be more certain if samples are 
co~lected from the shallowest depth that can be 
practically obtained, rather than, for example, zero 
to two feet  Subsurface soil samples are 
important, however, if soil disnvbance is likely or 
if leaching of chemicals to ground water is of 
concern, or if the site has current or potential 
agriculturai uses. 

Fate and transport properties. The sampling 
pIan should consider physical and chemical 
characteristics of soil that are important for 
evaluating fate and transpon For example, soil 
samples being collected to identify potential 
sources of ground-water contamination must be 
able to support models that estimate both 
quantities of chemicals leaching to ground water 
and the time needed for chemicals-to leach to and 
within the ground water. 

4.53 GROUNDWATER 

Considerable expense and effort normally are 
required for the installation and development of 
monitoring wells and the collection of ground- 
water samples. Wells must not introdact foreign 
materials and must provide a representative 
hydraulic connection to the geologic formations of 
interest In addition, ground-water samples need 
to be collected using an approach that adequately 
&fines the amtaminant plume with respect to 
potential exposure points. Exbting potential 
exposure points (e.&, d t i n g  drinking water wells) 
should be sampled. 

M o ~  detailed information -g P U d -  
water sampling considerations (e.g., sampling 
equipment, types, and techniques) can be found in 
the references in the box on this page. In 
addition to the general sampling considerations 
dimssed previously in Section 45.1, those s m c  

location and depth, and filtered vs. rmfiltered 
for puad water - hydroplogic properties, well 

samples-aredisatssedbelow. 

GROUND-WATER SAMPLING 
GUIDANCE 

R&d Guide ED Gnwrd-water Sampling 
(EPA 1985a) 

A Compendiwn OfStlPerfwrd Fieid Op&m 
Methods (EPA 1987~) 

Hondbaok Grvud Water (EPA 1987d) 

Stasistical M e t h i s  for Evhanng Ground 
Warerfiom RitMdOur Was&? Fncifities (EPA 
198%) 

Guidmce M Rentedial Actionr for 
Contanaimzed Growtd W e  at Superfiurd 
Sites @PA 1988e) 

Graund-ww Sampling for MeraLr &&ses 
(EPA B89d) 

Hydrogeo!@c properties, The extent to 
which the hydmgeologic properties (e.&, hydraulic 
conductivity, porosity, balk density, fraction 
organic carbon, productm * 'ty) of the aquifer(s) are 
characterized may have a significant effect on the 
risk assessment The ability to estimate future 
exposure concentrations depends on the extent to 
which hydrogeologic properties needed to evaluate 
contaminant migration are quanMed. Repetitive 
sampling of wells is necessary to obtain samples 
that are unaffmed by drilling and well 
development and that accurately reflect 
hydrogeologic properties of the aquifer@). 

Well location and depth. The location of 
wells should be such that both the horizontal and 
vertical extent of contamination can be 
characterized Separate water-bearing zones may 
have different aquifer classifications and uses and 
therefore may need to be evaluated separately in 
the risk aSSCSSmeLLf In addition, sinking or 
floating layers of contamination may be present 
at different depths of the wek 

FIltaeavs.pnffltpRdsampks. Datafrom 
6ltered and unfiltered groond-water samples are 
useful for ewaluating chemical migration in ground 
water, because comparison of chemical 



I 
I 
I 
I 
E 
I 
I 
IB 
I 
I 

I 
I 

e 
I 

Page 4-13 - -  

concentrations in unfiltered versus filtered samples 
can provide important information on the form in 
which a chemical exists in ground water. For 
.instance, if the concentration of a chemical is 
much greater in unfiltered samples compared to 
filtered samples, it is likely that the majority of 
the chemical is sorbed onto paruculate matter and 
not dissolved in the ground water. This 
information on the form of chemical (Le., 
dissolved or suspended on particulate matter) is 
important to understanding chemical mobility 
within the aquifer. 

If chemical analysis reveals significantly 
different concentrations in the filtered and 
unfiltered samples, try to determine whether there 
is a high concentration of suspended particles or 
if apparently high concentrations are due to 
sampling or well construction artifacts. 
Supplementary samples can be collected in a 
manner that will minimize the influence of these 
artifacts. In addition, consider the effects of the 
following. 

0 

e 

e 

0 

Filter size. A 0.45 um lilter may sueen 
out some potentially mobile particulates 
to which contaminants are absorbed and 
thus under-represent contaminant 
concentrations. (Recent research 
suggests that a 1.0 nm may be a more 
appropriate filter size.) 

Pumuine velociq. Pumping at too high 
a rate will entrain particulates (to which 
conuminants are absorbed) that would 
not normally be mobile; this could 
overestimate aontaminant concentrations. 

Samule oxidation. After contact wth air. 
many metals axidize and form insoluble 
compounds that may be filtered out; this 
may underestimate inorganic chemical 
concentrations. 

Well construction materials. Corrosion 
may elevate some metal concentrations 
even in stainless steel wells. 

If anfiltered water is of potable quality. data 
from unfiltered water samples should be used to 
estimate exposure (see Chapter 6). The RPM 
should ultimately decide the type of samples that 

are collected. If only one type of sample is 
collected (eg., unfiltered), justification for not 
collecting the other ype of sample (eg., filtered) 
should be provided in the sampling plan. 

45A SURFACE WATER AND SEDIMENT . .  
Samples need to be collected from any nearby 

surface water body potentially receiving discharge 
from the site. Samples are needed at a sufficient 
number of samphg points to characterize 
exposure pathways, and at potential discharge 
points to the water body to determine if the site 
(or some other source) is contributing to surface 
waterhealiment contamination. Some important 
considerations for surface water/sediment sampling 
that may affect the risk assessment for various 
types and portions of water bodies (Le., lotic 
waters, lentic waters, estuaries, sediments) are 
discussed below. More detailed information 
concerning surface water and sediment sampling, 
such as selecting sampling locations and sampling 
equipment, types, and techniques. is provided in 
the references given in the box below. 

SURFACE WATER AND SEDIMENT 
SAMPLING GUiDANCE 

?hX&es for Handling and chemical 
Anatysk of Sedimenr and Waer Samples 
(EPA and COE 1981) 

Sediment Smnpling euality AmuMcc User's 
Guide (EPA 1984) 

Proposed GIlide for sedimar -4 
s##oge; chanactcrizaafon arui M i m @ d a f h  
("he American Society b r  Testing and 
Mataials, undated) 
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Lotic waters. Lotic waters are fast-moving 
waters such as riven and streams. Variations in 
mixing across the sueam channel and downstream 
in rivers and streams can make it difficult to 
obtain representative samples. Although the 
selection of sampling points wil l  be highly 
dependent on the exposure pathways of concern 
for a parucular site, samples generally should be 
taken both toward the middle of the channel 
where the majority of the flow OCNS and along 
the banks where flow is generally lower. Sampling 
locations should be downgradient of any possible 
contaminant sources such as tributaries or effluent 
outfalls. h y  facilities (cg., dams, wastewater 

or water quality should be considered during the 
timing of sampling. "Background" releases 
upstream could confound the interpretation of 
sampling results by diluting contaminants or by 
increasing contaminant loads. In general, 
sarnpiing should begin downstream and proceed 
upstream. 

treatment plants) U~SUCUII that affect now VOIUIIE 

subsequent samples. Sampling in flowing waters 
should begin dawnstream and end upstream. 
Wading should be avoided. Sediments of different 
composition (k, mud, sand, rock) should not be 
composited. Again, it is important to obtain data 
that will support the eyaluation of the potential 
exposure pathways of concern. For example. for 
pathways such as incidental ingestion, sampling of 
near-shore sediments may be important; however, 
for dermal absorption of sediment contaminants 
during recreational use such as swimming, samples 
from different points throughout the water body 
may be important. If ingestion of benthlc 
(bottomdwelling) species or surface water will be 
assessed during the risk assessment. sediment 
should be sampled so that characteristics needed 
for modeling (e.&, fraction of organic carbon, 
panicle size distribution) can be determined (see 
Section 4.3). 

4 5 5  AIR 

Lentic waters. Lentic waters are slow-moving 
waters such as lakes, ponds, and impoundments. 
In general, lentic waters require more samples 
than lotic waters because of the relatively low 
degree of m&ig of lentic waters. Thermal 
stratification is a major factor to be considered 
when sampling lakes. If the water body is 
stratified, samples from each layer should be 
obtained Vertical composites of these layers then 
may be made, if appropriate. For small shallow 
ponds, only one or two sample locations (e.g.. the 
intake and the deepest points) may be adequate 
depending on the exposvt pathways of concern 
for the site. Periodic release of water should be 
considered when sampling impoundments, as this 
may affect chemical concentrations and 
stratiticatioa 

Estuaries. Contaminant concentrations in 
estuaries wil l  depend on tidal flow and salinity- 
stratification, among other factors. To obtain a 
representative sample, sampling should be 
conducted through a tidal cycle by taking three 
sets of samples on a given day: (1) at low tide; 
(2) at high tie and (3) at 'half tide." Each layer 
of salinity should be sampled 

sediments. Sediment samples should be 
collected in a mamfx that minimhs disturbance 
of the sediments and potential contamination of - 

Guidance for developing an air sampling plan 
for Superfund sites is provided in Procedures for 
Dupersion Modeling and Air Monuoring for 
Superficnd Air Pathway Anafym (EPA 1989e). 
That document is Volume IV of a series of four 
technical guidance manuals called Prucehresfor 
Conducting Air Pathway Ana&ses fm Sup@nd 
AppIicanbns (EPA 198%-h). The other three 
volumes of the series include discussions of 
potential air pathways, air emission sources, and 
procedures for estimating potential source 
emission rates assodated with both the baseline 
site evaluation and remedial activities at the site. 

Air monitoring information, along with 
recommendations for proper selection and 
application of air dispersion models, is included 
in Volume IV. The section on air monitoring 
contained in this volume presents step-by-step 
procedures to develop, condun, and evaluate the 
results of air concentration monitoring to 
characterize downwind exposure conditions from 
Superfund air emission soucces. The first steo 
addressed is the process of collecting and 
reviewing existing air monitoring information 
relevant to the specific site, including source, 
receptor, and environmental data. The second 

involves determining the level of 
sophistication for the air monitdring program the 
levels range from simple screening procedures to 
refined techniques. Selection of a given level will 

- -  
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depend on technical considerations (eg., detection 
limits) and aMilable resources. The third s tm on 
air monitoring is development of the air 
monitoring plan and includes determination of the 
qpe of air monitors, the number and location of 
moniton, the frequency and duration of 
monitoring, sampling and analysis p r d u r e s ,  and 
QAIQC procedures. Step four details the day-to- 
day activities related to conducting the air 
maintenance and calibration, and documentation 
of laboratory results and QNQC procedures. The 
fifth and final SteD involves the procedures 
necessary to (1) summarize and evaluate the air 
monitoring results for validity, (2) summarize the 
statistics used, (3) determine site-related air 
concentrations (by comparison of upwind and 
downwind concentrations), and (4) estimate 
uncertainties in the results related to the 
monitoring equipment and program and the 
analytical' techniques used in the laboratory. 

Given the diffiiculties of collecting sufficient 
air samples to characterize both temporal and 
spatial variability of air concentrations, modeling - along or in conjunction with monitoring -- is 
often used in the risk assessment. For the most 
efficient sampling program, the section in' Volume 
IV on modeling should be used in conjunction 
with the section on monitoring. 

Volume IV also contains a comprehensive 
bibliography of other sources of air monitonng 
and modeling guidance. Note, however, that while 
this volume contains an extensive discussion on 
planning and conducting air sampling, it does not 
provide details concerning particular monitonng 
equipment and techniques. The box on thls page 
lists some sources of detailed information on alr 
sampling. The following paragraphs address 
several s w c  aspects of air sampling: temporal 
and spatial considerations, emission sources, 
meteorological conditions. 

T m p d  end spatial considaations. The 
goal of air sampling at a site is to adequately 
characterize air-related wntaminnnt exposures. At 
a minimum, sampling results should be adequate 
for predictive short-term and long-term modeling. 
When evaluating long-renn inhalation exposures, 
sample results should be representative of the 
long-term average air amaurations at the long- 
term ~ ~ p o s u r e  points. This requires an air 
sampling plan of safficient temporal scale to 

i- AIR SAMPLING GUIDANCE I 

encompass the range of meteorological and 
climatic conditions potentially affecting ermssions, 
and of suiKcient spatial scale to characterize 
associated air concentrations at potential exposure 
points. If acute or subchronic exposures resulting 
from episodes of unusually large emissions are of 
interest, sampling over a much smaller time scale 
would be needed. 

Emission sources. Selection of the 
appropriate type of air monitor will depend on 
the emission source(s) being investigated as well 
as the exposure routes to be evaluated. For 
example, if inhalation of dust is an exposure 
pathway of concern, then the monitoring 
equipment must be able to collect respirable dust 
samples. 

Meteorological conditions. Site-specific 
meteorological conditions should be obtained (e.g., 
from the National Weather service) or recorded 
during the air sampling program with sufficient 
detail and quality assurance to substantiate and 
explain the air sampling results. The review of 
these meteorological data can help indicate the 
sampling locations and frequencies. 
Meteorological characteristics also wil l  be 
necessary if air modeling is to be conducted. 

45.6 BIOTA 

Organisms sampled for human health risk 
assessment purposes should be those that are 
likely to be ~omumed by humans. This may 
include animals such as commercial and game fish 
(eq.. salmon, trout, catfish), shellfish (e.&, oysters, 
clams, crayfish), fowl (eg., pheasant, duck), and 



terrestrial mammals (cg., rabbit, deer), as well as 
plants such as grains (cg., wheat, corn), vegetables 
(e.g., spinach, carrots), and fruit (e-& melons. 
strawberries). An effort should be made to 
sample spedes that are consomed most frequently 
by humans. Guidance for collecting biota samples 
is provided in the references given in the box 
below. The following paragraphs address the 
following speaal aspecu of biota sampling: 
portion vs. whole sampling, temporal concern, 
food preference, fish sampling, involvement by 
other agencies. 

BIOTA SAMPLING GUIDANCE 

Food and Drug Administration's Penicide 
Rnaiyticai Momral'(FDA 1977) 

Guidance Monuat for Assessing Human 
Health Risktfiom chm CantmnLtated 
Fiih and ShelZfih (EPA 19893 

Portion vs. whole sampling. If only human 
exposure is of concern, chemical concentrations 
should be measpred only in edible portion(s) of 
the biota. For many fish species, estimates of 
concentrations in fillets (skin on or skin off) are 
the most appropriate measures of exposure 
concentrations. Whole body measurements may 
be needed, howewer. for certaizl species of fish 
and/or for environmental risk assessments. For 
example, for some s p e s ,  espeaally small ones 
(cg., smelt), whole body concentrations are most 
appropriate. (See RLrk Assessment Giridance for 
SUpsFnd. EnvironmaualEvoharionMonual 
(EPA 1989a) for more information concerning 
biota sampling for emironmental assessment) 
The edible portion of an organism can vay with 
species and with the potentially exposed 
subpopalation. 

Tempral concerns. Aay conditions that may 
result in non-representative sampling, such as 
sampling during a species' migration or when 
plants are not in season, should be avoided. 

Food preferences. At some sites, human 
subpopulations in the area may have different 
food consumption patterns that need to be 
evaluated. For example, some people commonly 
eat the hepatopancreas of shellfish, In these 
cases, organ concentrations would be most 
appropriate for estimating exposure. Another 
example of a less common food preference is 
consumption of relatively large quantities of 
seaweed and other less commonly eaten seafoods 
in some Asxan communities. 

Fish sampling. It is recommended that fish 
of "catchable" size be sampled instead of young, 
small fish because extremely young 6sh are not 
likely to be consumed. Older, larger fish also 
generally are more likely to have been exposed to 
s i t e - s w c  contaminants for a long time, 
although for some species (e.&, salmon) the 
reverse is me. Both bottom-dwelling (benthic) 
and open-water species should be sampled if both 
are used as a food source. 

Other agencies. Biota sampling may involve 
other federal agencies such as the Fish and 
Wildlife Service or the Department of Agriculture. 
The equivalent state agencies also may be 
involved. In such cases, these agenaes should be 
involved early in the scoping process. 

4.6 DEVELOPING AN OVERALL 
SERAmGY FOR SAMPLE 
COLlLErnON 

For each medium at a site, there are several 
strategies for collecting samples. The sampling 
strategies for a site must be appropriate for use 
in a quantitative risk assessment if inappropriate, 
even the strictest QNQC procedures assodated 
with the strategy will not ensure the usability of 
sample results. Generally, persons actually 
conducting the field investigation will determine 
the strategy. As discpssed in Seaion 4.1, risk 
assessors also shodd be involved in discusions 
concerning the strategy. The following areas of 
major concern (from a risk assessment 
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perspective) are dimssed in this section: sample 
size, sampling location, types of samples, temporal 
and meteorological factors, field analyse4 and mt 
of  sampling. s any of these areas aho are 
discussed for specific media in Section 45. See 
the box in the opposite column and Section 4 5  
for more detailed guidance on sampling strategy. 

Typically, sample size and sample location 
(see Section 4.6.2) are determined at the same 
time. Therefore, much of the discussion in this 
subsection is also pertinent to determining 
sampling location. The discussion on statistics in 
Section 4.4 is useful for both sample size and 
location determinations. 

A number of considerations are associated 
with determining an appropriate number of 
samples for a risk assessment. These 
considerations include the following four factors: 

(1) number of areas of concern that wi l l  be 
sampled, 

(2) statistical methods that are planned; 

(3) statistical performance (Le-, variability 
power, and certainty) of the data that 
will be collected; and 

(4) practical considerations of logistics and 
cost. 

In short, many decisions must be made by the 
risk assessor related to the appropriate sample 
size for an investigation. A statistician cannot 
estimate an appropriate sample size without the 
supporting information provided by a risk assessor. 
The followng paragraphs discuss these four factors 
as they relate to sample size determinations. 

Areas of concem. A major factor that 
influences how many samples are appropriate is 
the number of areas of concern that are 
established prior to sampling. As discussed in the 
next subsection, if more areas of concern are 
identified, then more samples generally will be 
needed to characterize the site. If the total 
variability in chemical concentrations is reduced 
substantially by subdividing the site into areas of 
concern, then the statistical performance should 

improve and result in a more accurate assessment 
of the site. 

Statistical methods. A variety of statistical 
manipulations may need to be performed on the 
data used in the risk assessment For example, 
there may be comparisons with background 
concentrations, estimates of upper wn!idence 
limits on means, and determinations of the 
probability of identifying hot spots. Each of these 
ana@es requires different calculations for 
determining a sample size that will yield a 



specified statistical performance Some of the 
available guidance, such as the Ground-water 
Monitoring grridanoe (EPA 1986c), the RCRA 
Delisting guidance (EPA 1985d), and the Soils 
Qeanup Attainment guidantx (EPA 198Sf), 
address these strategies in detaiL 

Statisud p&omnmce (ke, Variamty, 
power, md certainty). If samples will be taken 
from an area that is anticipated to have a high 
degree of variability in chemical wncenpations, 
then many samples may be required to achieve a 
speci6ed level of certainty and power. If 
contaminant concentrations in an area are highly 
variable and only a few samples can be obtained, 
then the risk assessor should anticipate (1) a great 
deal of uncertainty in estimating mean 
concentrations at the site, (2) M t y  in defining 
the dismiution of the data (e&, normal), and (3) 
upper amMence limits much higher than the 
mean. Identification of maitiple areas of concern 
- ea& with its own set of samples and descriptive 
statistics - will help reduce the total variability if 
the areas of concern are defined so that they are 
very merent in their amtaminant concentration 
profiies. Risk ~ssessors should discuss in the 
-ping meeting both the anticipated variability in 
the data and the desired power and certainty of 
the statistics that wilJ be estimated from the data. 

As discussed in Section 4.43, is the 
likelihood of detecting a W e  null hypothesis. 
Power is panicularly imponant when comparing 
site characteristics with background. For example, 
if a 10 percent diffikence in mean concentrations 
needs to be determined with 99 percent likelihood 
(Le, power of 0.99). a very large number of 
samples will likely be needed (unless the site and 
background variabilities are extremely low). On 
the other hand, if the investigator is only 
interested in whether the onsite average conditions 
are 100 times larger than background or can 
accept a lower chance of deteaing the difference 
if it exists (Le., a lower power), then a smaller 
sample size could be acQlmmodated 

The other statisdcal perfommce quantity 

the certainty of the caicalations. One minus the 
certainty is the significance level (ie., a), or false 
positive rate (see also seaiw 4.43). The higher 
the desired certainty level (ie., the lower the 
signi&ance level), the greater the true difference 

besides power that may ILeed to be specified is 

must be to observe a statistid difierence. In the 
case of upper confidence limits on estimates of 
mean concentrations, the higher the desired 
cenainty level, the higher wiIl be the upper 
confidence limit This follows from the fact that 
in general, as certainty increases (Le., a becomes 
smaller), the size of the confidence interval also 
increases. 

Fmcricrpl considerations. Finally, questions 
of practicality, logisti=, sampling equipment, 
laboratory consuainrs, quality assurance, and cost 
influence the sample size that will be available for 
data e. After the ideal sample size has 
been determined using other factors, practical 
considerations can be introduced to modify the 
sample size if necessary. 

4.63 ESTABLISH SAMPLING LOCATIONS 

There are three general strategies for 
establishing sample locations: (1) purposive. (2) 
completely random, and (3) systematic Various 
combinations of these general strategies are 
possible and acceptable. 

Much of the discussion1 on statistics in the 
preceding subseaion and in Section 4.3 is 
appropriate here. Typically, a statistician should 
be consulted when determining sampling location. 

Rvposiw sampling. Although areas of 
concern are established purposive@ (e.g., with the 
intention of identifymg contamination), the 
sampling locations within the areas of concern 
generally should not be sampled purposively if the 
data are to be used to provide defensible 
information for a risk assessment Purposively 
identified sampling locations are not discouraged 
if the objective is site characterization, conducting 
a chemical inventory, or the evaluation of visually 
obvious contamination. The sampling results, 
however, may overestimate or underestimate the 
me wnditions at the site depending on the 
strategies of the sampling team. Due to the bias 
associated with the samples, data from pwposively 
identified sampling locations generally should not 
be averaged, and distriiutions of these data 
gemxally should not be modeled and used to 
estimate other relevant statistics. After areas of 
concern have been established purposively. 
ground-water monitoring well locations, 
continuous air monitor locations, and soil sample 
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locations should be detedned randomly or 
systematically within the areas of aincern. 

W o r n  sampling. Random sampling 

unbiased manner. Although the investigator may 
have ch- the area of concern purposiveiy, the 
location of random sampling points within the 
area should be independent of the investigator 
(Le., unbiased). In addition, the sampling points 
should be independent of each other, that is, it 
should not be possible to predict the laation of 
one sampling point based on the location of 
others. Random sampling points can be 
established by choosing a series of pairs of 
random numbers that can be mapped onto a 
coordinate system that has been established for 
each area of concern. 

involves Selecting Sampling locations in an 

Several positive features are associated with 
data collected in a random sampling program. 
First, the data can be averaged and used to 
estimate average concentrations for the area of 
concern (rather than simply an average of the 
samples that were acquired). second, estimates of 
the uncertainty of the average and the 
distributional form of the concentration 
measurements are informative and simple to 
estimate when they are determined from data that 
were obtained randomly. Finally, if there is a 
trend or systematic behavior to the chemlcal 
concentrations (e.g., sampling is occurring along 
a chemical gradient), then random sampling is 
preferred because it reduces the likeiihood that all 
of the high concentration locations are sampled to 
the exdusion of the low concentration locations. 

Systematic sampling. Systematic sample 
locations are established across an area of concern 
by laying out a grid of sampling locations that 
follow a regular pattern. Systematic sampling 
ensures that the sampling effort across the area of 
concern is uniform and that samples are collected 
in each area. The sampling location gnd should 
be determined by randomly identifying a single 
initial location from which the grid is constructed. 
If such a random component is not introduced, 
the sample is essenually porposive. The grid can 

reuangular, triangular, or hexagonal, depending on 
the shape of the area A square pattern is often 
the simplest to establish. Systematic sampling is 
preferable to other tlrpcs of sampling if the 

be formed in several pattern including square, 

objective is to search for small areas with elevated 
Also, geostatistical concentrations. 

chaacterizations - as descn'bed in the DQO 
guidance (EPA 1987a.b) - are best done with data 
colleued from a systematic sample. 

Disadvantages of systematic sampling include 
the need for special variance calculations in order 
to estimate coddence limits on the average 
concenmtion. The Soils Cleanup Attainment 
guidanoe @PA 1988f) discusses these calculations 
in further detail. 

4.63 DEIXRMNI TYPES OF SAMPLES 

Another item of concern is the determination 
of the types of samples to be collected. Basically, 
two types of samples may be collected at a site: 
grab and composite. 

Grab samples. Grab samples represent a 
single unique part of a medium collected at a 
specific location and time. 

Composite samples. Composite samples -- 
sometimes referred to as continuous samples for 
air - combine subsamples from different locations 
and/or times. As such, composite samples may 
dilute or otherwise misrepresent concentrations 
at spealic points and, therefore, should be avoided 
as the only inputs to a risk assessment. For 
media such as so& sediment, and ground water, 
composite samples generally may be used to assess 
the presence or absence of contamination; 
however, they may be used in risk assessment only 
to represent average concentrations (and thus 
exposures) at a site. For example, "hot spots" 
cannot be determined using composite samples. 
For surface water and air, composite samples may 
be useful if concentrations and exposures are 
expeaed to vary over time or space, as will often 
be the case in a large stream or river. 
Composites then can be used to estimate daily or 
monthly average concentrations, or to account for 
strati6caIion due to depth or Varying flow rates 
across a stream. 

4.64 CONSIDER TEMPORAL AND 
METEOROLOGICAL FACTORS 

Temporal (time) and meteorological 
(weather) faaors also must be considered when 
determining sampling strategies. The sampling 
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design should account for fluctuations in chemical 
concentrations due to these factors because in 
general, the variability in sawpiing results 
increases with increasing complexity of these 
factors. When these facton are complex, 
specialized and detailed sampling designs are 
needed to maintain a constant and certain level of 
accnraq in the results. Countering this need, 
however, is the a t  of the sampling. The 
following paragraphs address the interactions of 
the single sampling evcnt, annuaYseasonal 
sampling @e, variability estimation, and the cost 
of sampling. 

Single sampling event. variability measures 
from a single sampling event will underestunate 
the overall variability of concentrations across an 
area of concern, which m turn will result in the 
underestimation of the confidence limits on the 
mean. The reason for this underestimation is that 
temporal variability is not included in an 
evaluation of the total environmental variability 
at the site. 

AnnWseasod sampling cycle. The ideal 
sampling strategy incorporates a tu11 annual 
sampling cyde, If this strategy cannot be 
accommodated in the investigation, at leas1 two 
sampling eveas should be considered These 
sampling events should take place during opposite 
seasonal extremes. For example, sampling periods 
that may be considered extremes in temporal 
sampling indude (1) high waterflow water, (2) 
high rezhargellow recharge, (3) Windy/calm, and 
(4) high suspended solids/clear water. This type 
of sampling quires some prior knowledge of 
regional seasonal dynarmcs. In addiuon, a 
sampling team that can mobilize rapidly might be 
needed if the particular year of sampling s uot 
typical and the extreme conditions occur at an 
unusual rime. See the box on t b s  page for 
examples of seasonal variability. 

Variabiiity estimation The simple variance 
estimators that are often used in risk assessment 
require that the data are independent or 
uncomlated. Certain types of repeated samples, 
however, (e.&, those from ground-water wells or 
air monitors) a m y  are time series data that 
might be wrreIated. In other words, the 
concentration of a contaminant in an aquifer 
measured at a wdl on a given day will depend, in 
part, on what the cancentration in the aquifer was 

SEASONALVARIABILIW 

on the previous day. To reduce this dependence 
(e.g.* due to seasonal variability), sampling of 
ground-water wells and air monitors should be 
either separated in time or the data should be 
evaluated using statistical models with variance 
estimators that can accommodate a correlation 
structure. Otherwise, if time series data that are 
correlated are treated as a random sample and 
used to calculate upper confidence limits on the 
mean. the confidence limits will be 
underestimated. 

Ideally, samples of various media should be 
collected in a manner that accounts for time and 
weather factors. If ~ e a s o ~ l  fluauations cannot be 
characterized in the investigations, details 
concerning meteorological, seasonal, and climatic 
conditions during sampling must be documented. 

4.6.5 USE FIELD SCREENING ANALYSES 

An important component of the overall 
sampling strategy is the use of field screening 
analyses. These types of analyses utiIize 
insrruments that range from relatively simple (e.& 
hand-held organic vapor detectors) to more 
sophisticated (e.& field gas chromatographs). 
(SeeFiiSlcreeningMethods Catalog [EPA 1987hI 
for more information.) -idly, field screening 
is used to provide threshold indications of 
conramination. For example, on the basis of soil 
gas screening, the field investigation team may 
determine that contamination of a particular area 
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is indicated and therefore detailed sampling is 
warranted! Although field screening results 
usually are not direstly used in the risk 
assessment, they are useful for streamlining 
sampling and the overall RVFS process. 

4.6.6 CONSIDER TIME AND COST OF 
SAMPLING 

Two primary constraints in sampling are time 
and cost Time consuming or expensive sampling 
strategies for some media may prohibit multiple 
sampling points. For example, multiple ground- 
water wells and air monitors on a grid sampling 
pattern are seldom located within a single area of 
concern. However, multiple surface water and soil 
samples within each area of concern are easier to 
obtain. In the case of ground water and air, 
several areas of concern may have to be collapsed 
into a single area so that multiple samples will be 
available for estimating environmental variability 
or so that the dynamics of these media can be 
evaluated using aCCepted models of fate and 
-Po= 

In general, it is important to remember when 
developing the sampling strategy that derailed 
sampling must be balanced against the time and 
cost involved. The goal of RVFS sampling IS not 
exhaustive site characterization, but rather to 
provide sufficient information to form the bas5 
for site remediation. 

4.7 QAJQC MEASURES 

This section presents an overnew of the 
following quality assurance/quality control 
(QNQC) considerations that are of panicular 
importance for risk asseYment s a m p h g  
sampling protocol, sampling devices, QC samples, 
collection procedures, and sample praervauon. 
Note, however, that the purpose of this dscussion 
is to provide background information; the nsk 
assessor will not be responsible for most QNQC 
evaluations. 

The Quaiiay Rrswmrce FUId Operanom 
MIuural (EPA 1987g) should be rewewed. In 
addition, the EPA Environmental Momtoring 
Support Laboratory in Las Vegas, Nmda,  

(EMSLLV) currently is writing a guidance 
document concerning the development of quality 
assurance sample designs for Superfund site 
investigations. Regional QNQC contacts (e.g.. 
the regional Environmental Serviws Division) or 
EMSL-LV should be consulted if more 
information concerning QNQC procedures for 
sampling is desired 

47.1 SAMPLING PROTOCOL 

The sampling protocol for a risk assessment 
should include the following: 

o objectives of the study 

o procedures for sample collection, 
preservation, handling, and transport; 
and 

e analytical strategies that wil l  be used. 

Presenting the objectives of the RI Sampling is 
particularly imporrant because these objectives 
also wil l  determine the focus of the risk 
assessment There should be insuuctions on 
documenting conditions present during sampling 
(e.& weather conditions, media conditions). 
Persons collecting samples must be adequately 
trained and experienced in sample colleaion. Test 
evaluations of the precision attained by persons 
involved in sample collection should be 
documented (i.c, the individual collecting a 
sample should do so in a manner that ensures 
that a homogeneous, valid sample is reproducibly 
obtained). The discussion of -1 strategies 
should speafy quantitation limits to be achieved 
d u n g  analyses of each medium. 

4.13 SAMPLINGDEVICES 

The devices used to colleq store, preserve, 
and transport samples must not alter the sample 
in any way (La, the sampIing materials cannot be 
reactive, sorptive, able to leach analytes, or cause 
interferences with the laboratory analysis). For 
example, if the wrong materials are used to 
constma weils for the colltaion of ground-water 
samples, organic chemicals may be adsorbed to the 
well materials and not be present in the collected 
sample. 
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Field QC samples (e.&, field blanks, Uip 
blanks, duplicates, split samples) must be 
collected, stored, transported, and analyzd in a 
manner identical to those for site samples. The 
meaning and purpose of blank samples are 
discPssed in detail in Chapter 5. Field duplicate 
samples are usually two samples collected 
simultaneously from the same SampIing location 
and are used as measures of either the 
homogeneity of the medium sampled in a 
particular lacation or the precision in sampling. 
Split samples are usual& one sample that is 
divided into equal fractions and sent to separate 
independent laboratories for analyd These split 
samples are used to check precision and accuracy 
of laboratory adyses. Samples may also be split 
in the same laboratory, which can provide 
information on precision. The laboratory 
aMlyzing the samples should not be aware of the 
identity of the field QC samples (eg., labels on 
QC samples should be identical to those on the 
site samples). 

4.7.4 COLLECTION PROCEDURES 

Analytical Services (RAS) may not be appropriate 
(e&, lower detection limits may be needed),' and 
(2) chemhls other than those on the target 
compound kt (TCL; Le., chemicals usually 
analyzed under the Superfund program) may be 
suspeued at the site and therefore may need to be 
analyzed. A discussion on the RAS detection 
limits is provided in Chapter 5. Additional 
information on SAS can be found in the Userf 
Guide to the Conuau Loboratoty Program (€PA 
1988i). 

In reviewing the historical data at a site, the 
risk assessor should determine if non-TCL 
chemicals are expected. As indicated above, non- 
TCL chemicals may require spenai sample 
colleaion and analytical procedures using SAS. 
Any such needs should be discussed at the scoping 
meeting. SAS is addressed in greater detail in 
Chapter 5. 

Collection procedures should not alter the 
medium sampled The general environment 
surrounding the location of the sample should 
remain the same so that the collected samples 
are representative of the situation due to the site 
conditions, not due to unditions posed by the 
sampling equipment. 

4.7.5 SAMPLE PRESERVATION 

until analysis by the laboratory, any 
chemicals in the samples must be maintained as 
dose to the same concentrations and identities 
as in the environment from which they came. 
Therefore, special procedures may be needed to 
presem the samples during the period between 
collection and analysis. 

4.8 SPECIAL ANALYTICAIL 
SERVICES 

EPA's SAS, operated by the CLP, may be 
necgsary for two main reasons (1) the standard 
laboratory methods used by EPKS Routine 

The risk assessor should be sure to take an 
active role during workplan development and data 
collection. This role involves three main steps: 

(1) present risk assessment sampling needs 
at the scoping meeting; 

(2) contribute to the workplan and review 
the Sampling and Analysis Plan; and 

(3) conduct interim reviews of outputs of 
the field investigation. 

See Chapter 9 for information on the role of the 
RPM during workplan development and' data 
collection. 

49.1 PRESENT RIsg ASSESSMENT 
!SAMPLING NEEDS AT SCOPING 
MEERNG 

At the scoping meeting, the uses of samples 
and data to be collected are identified, strategies 
for sampling -and analysis are developed, DQOs 
are established, and priorities for sample collection 
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are assigned based on the imponance Of the data 
in meeting RVFS objectives. One of the RuFs 
objectives, of course, is the baseline risk 
assessment. Therefore, the risk assessment data 
needs and their fit with those of other RUFS 
components are discussed If certain risk 
assessment sampling needs are judged infeasible 
by the scoping meeting attendees, all persons 
involved with site investigation should be made 
aware of the potential effects of exclusion on the 
risk assessment. 

4.9.2 CONTRIBUTE TO WOPUCPLAN AND 
REVLEW SAMPLING AND ANALYSIS 
PLAN 

- quantification of present and future 
eJcpos-, e.&, 

exposure Pathways 

present and potential future land 
use 

media that are or may be 
wntaminated 

locations of actual and potential 

present concentrations at  
appropriate arposure points, 

The outcome of the scoping meeting is the 
development of a workplan and a SAP. The 
workplan documents the decisions and evaluations 
made during the scoping process and presents 
anticipated fume tasb, while the SAP speafies 
the sampling strategies, the numbers, types, and 
locations of samples, and the level of quality 
control. The SAP consists of a quality assurance 
project plan (QAPjP) and a field sampling plan 
(FSP). Elements of the workplan and the SAP 
are discussed in detail in Appendix B of the RVFS 
guidance (EPA 1988a). Both the workplan and 
the SAP generally are written by the personnel 
who will be mvolved m the collection of the 
samples; however, these documents should be 
reviewed by all personnel who will be using the 
resulting sample data. 

Review the workplan. The workplan should 
d e s m i  the tasks involved in conducting the risk 
assessment. It also should describe the 
development of a preliminary assessment of public 
health and environmental impacts at the site. The 
risk assessor should review the completed 
workplan to ensure that all feasible risk 
assessment sampling needs have been addressed as 
discussed in the scoping meeting. In particular, 
this rmew should focus on the descriptions of 
tasks related to: 

e field investigation (q., source testing, 
media sampling), espeaally with respect 
to 

- background concentrations by 
medium, 

- data needs for statistical analysis of 
the above, and 

- data needs for fate and transport 
models, 

o sampleanalysishalidation,espeaallywith 
respect to 

- chemicals of concern, and 
- analytical quantification llevek 

o dataevaluation;and 

0 assesmentofrisk 

In reviewing the above, the precise information 
necasIvy to satisfy the remainder of this guidance 
should be anticipated. 

Review the SAP. The risk assessor should 
carefully review and evaluate all sections of the 
SAP to determine if data gaps identified in the 
workplan will be addraed adquately by the 

the presentation of the objeaives In the QAPjP 
component of the SAP, the risk assessor should 
pay particular attention to the QNQC procedures 
associated with sampling (e.&, number of 6eId 
blanks, number of duplicate samples - see Section 
4.8). The SAP should donrment the detailed, site- 

the quality of tht resulting samples. Spenal 
considerations in reviewing the SAP are discpssed 
in Seaion 4.13 

sampling program. of panicular importance is 

spedfic procedpres thatwiu be followed toemure 



e eachmediumofconcem 

e migration to potential exposure points, 
iuciuding data for mobels; 

e potentiai exposures based on possible 
fmarelandoses; 

e suBcient data to satise concerns about 
dism%otions of sampling data and 
statistics; and 

o n u m b  and location of samples. 

lEe analytia\t plans in the FSP should be 
reviewed to sure that DQOs set dnring the 
scoping meeting will be met. 

?he SAP may be revised or amended several 
times during the site bvdgatioa. Therefore, a 

potentially map affect the daa needs for risk 
asessmeatismmswy. Priortoanychangesin 
the SAP during actualsampling, compliance of the 

review of all propased changes to the SAP that 

changes with the objeuives of the SAP must be 
checked (If risk asesment objectives are not 
s-ed in the o$$nal SAP, they will not be 
considered when changes to an SAP are 
Pm+) 

A93 CQNDUa INTHUM REVIEWS OF 
FIEIS] INVESTIGATION OUTPUTS 

W sampling results should be reviewed as 
soon as they are available to determine if the risk 
assessment data needs outlined in the workplan 
have been met by the sampling. Compare the 
actual number, q p s ,  and locations of samples 
collected with thase planned in the SAP. 
Sampling locations 6quently are changed in the 
field when access to a planned sampling location 
is oksrmaed. The number of samples collected 
may be altered if, for instance, there is an 
insadeat amom of a certain medium to wllea 
the planned number of samples (e.& if several 
weh am bund to be dry). 

If certain sampling needs have not been met, 
then the field imesQpm should be contacted to 
determine why these samples were not wlleaed 
If passible, the risk assesm should obtain samples 
to 6ll these data gaps. If time is uitical, Special 
Apalytical services (see Seaion 4.7) may be used 
to shorten the analytical time. If this is not 
possible, then the risk assessor should evaluate all 

documenting the potential effect that these data 
gaps will have on the quantitative risk assessment 
In genera& the risk assessment should not be 
postponed due to these data gap 

sampling results as &cussed in chapter 5, 
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ENDNOTES FOR CWFTER 4 

1. Same infomation that PT appropmte for the 8sessmQ)t of buman health risks also may k wubk nacl mcatay for an 
cnnronmental cvahoon of tht site Procedures for coaduaing an ermronmcnul duauon of the hazardous waste Ute arc outhncd 
in the companion volume of this guidance. the Environmental Evaluation Manual (EPA 19898). nnd arc not m tho chapter. 

2. ?be term "media" refas IO both enwonmental media (e.&, soil) and hot8 (cg, Gh). 

3. "Areas of Conccm" withm the contat of tbis @ana should k diiLerrnttatai from the s8mc ~ermrnology used by the Great Laka 
cnvronmrntal community. ?his latter w u defined by the International Jomt Commrtruon BS an area found to k aceding the Great 
Lakes Water Quality objecrr~a. 

4. New mume KNICQ that pmndc lwer daemon hiu arc cummly under devdopmmt. Contaa the beadqllanas Analyucal 
Opcrauons Branch for funha donnation. 
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PmtStioa Aeencp (EPA) 19&k P r a u d  Guide to Gmmd-watcr Smpling. Environmental R m h  Laboratory. 
Ada, OK EPA600/24S/lW. 
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e Identifier (1) thc frammmrk and procar by which data quality ObjcCtiVCS @Ow qualitawe and quaatitawe 
statements that specrtY the quality of thc data rcqrurcd to support Agency dcasions dunng remcdd rapow 
activiua) arc devdoped and (2) the individuals rrrpondblc for dcrclcpwai of DQOs Prowdes pnxaiurcs 
for dctambmg a quantihblc dcgrre of ccnamry that can k used m mahag site-spea€u dcarionr P m d a  
a formal appmach to rntcg!amn of DQO development with samphg and anatysn plan devclopcnt Attempt3 
to improve the overall qpalirv and cost ef€caivcna of data collcctlon and analyms actrvitleL 

Environmental Proteaio0 Agmq (EPA). 19glb. Data Qualitv Obiectives for Rancdial Response Actintis kamolc Sanano: RVFS 
Aanritia a1 a Site with contaminared So& and Ground Water. OfGa of Emagcny and R a n d  Raponse and Office of 
Waste programs Enforecman mA/s40/G-87/004. 

0 Compamon to EPA 1Wa. Provider detailed cxamplcs of the prarss for development of data quakty objecwcs 
(DQOs) lor RVFS adivitier under CERaA 

EnviroameDtal Protection Agency (EPA). 1987c A Comrxndium of Superfund Field Operations McthoQ. Offia of Emcgency and 
R a d i a l  R e m  EPA1540/P811001. (OSWER Dirrarvt 9355.0-14). 

Environmental Proccctioa Agency (EPA). 19874. Handbook Ground Water. Office of Rearch  and Dmlopmcnt. EP#625/6- 
871016. 

* R m  document tbat brings togetha rhe avarlabk tcchard Momahon in a fom co~vclllml for pasonad 
rwolvtd in gronnd-arater management. Alto addnssa mmrmz~u011 of unecNunticr m orda to make rc&able 
prediaions about contamination raponv to corr#1m or prcvcnmuve measures. 

Enviromenral Proteaioa Agency @PA). 1987e An Ovcrncrp of Scd-t Qualirv in the United Stater O f f i a  of Water Regulations 
and Standarb. 

0 Goodprimer. Containsmanyrefcren~ 

Environmental Proteaion Agenq, @PA). 1987f. Expa ndcd Site Insueaim ESI) Tmnsitional Cui- for FY 1988. Office of 
E q q  and Rmedial R a p e  (OSWER DWW 9345.1-.02). 



-m ~eency (EPA). 1988b. Statistical Methods for Evaluatinn Ground Water from Haza&m Waste Faalitns. 
OfEeofSdidWWt% 



Emrironm~ntd P m c c t m  @PA). 1% Air Suoafund NatioPai T- Guidanlr serhs. Vdumc N: Pmecduru for 
Dsmon Madding and Air Monitannn for supcrfun d Air Pathaav Advsu.  intcrmF& OWofAi rQua l l lyPbmngand  
Standards. Rcuarch Tnangle Park, N C  EPA1450/l491004. 

a Thu volume drtcllrser procedures for dDpruon madding and ar momtormg for supafund m pathway analysu 
Contam rrcommcndatlons for proper rdcaton aad applreMlon of a u  dspcmon modds and proccdums u, 
develop. conduct, and evaluaie the rrsuhs of air conanvatloll molutonng to charaaamc dcrwnannd apa!uuc 
conditions from Superfund an cmtssloll soureek 

Emnronmcnrai htcnion Agency (EPA). 1989f. Air Suarfund Natumal Technical Gutdana Sena. Volume I Amlication of Au 
Pathwav Anam for Suarfund Actmiu Inunm Final. 0- of Ap Quality Planning and srandarb. Racarch Tnangle P a k  
N C  EPA/45On-89/001. 

a b d u  .rarrnmcndcd m u m i  for the condrtct of au pathway analysa (APAs) that meet the needs of the 
Superfund program The proccdllrrr arc mtcnded fur use by EPA rrmedlal prga managar enforamen1 
pjcn managen. and au acpms as wcll as by EPA Suprfund mnvactm. The emphass of tho volume s 
to prondc a rrcommcnded APA procedure rdauve to the rrmrdial pbasc of tbe Superfund proceu 

Environmmrai Protaxion Agency (EPA). 1989g. Air Suoafund National Technical Guidance sun* Volume 11: Estrmation of 
B d n e  Air Emasions at Suoafund Situ. inrenm FinaL Offia of Air Quafity Plannlng and Standarb. Research Tnanglc Park. 
NC. EPN450n891002 

0 Thrs volume pmndu mformation c o n c a m q  proadurcf for dmlopmg basdm QIIpIions ftom landfilis and 
lagoom Descnbcs W i n e  -oris from both undsturkd m s  and sites w h a t  Wdradisturblng act~ocs 
are talung place. The ProCedurrJ d a c n k d  for landfills amy k applied to solid ha?anlous waste, and lhoK 
for lagoons may k applied to lqud hazardous waste. 

Envrronmmral P r o m o n  Agency (EPA). 1989h. A r  Suua-fund National Techrucal Guidance Senes. Volume 111: E r t m u o n  of .4u 
Emmions from Cleanup leuvlties at Suoerfund Sites. lntcnm FinaL Offia of Ax Quallty Plannmg and Smdards. ReKarch 
Tnangk Park, N C  EF'N450A-891003. 

o Tho volume prcmdu technical gutdance for cstimatmg au cmusmns from r c m d  aclintiu at NPL s i t u  that 
may impact local ax quahty for bolh ON~LC worlrcn at a site and the surroundrng community whwhlle the remedial 
actmoes are m m n g .  Dlscusses methods to charancnze an quality unpacu dunng xnl removal. inaneation, 
and air stnpping. 

Enwronmcntal Proteaion Agenq (EPA). 198%. Gudance Manual for Assessing Human Health Rbk, fmm Chemicalhr Contaminated 
Fuh and Shellfuh. Office of Mannc and Estuarine Protection. EPA/S03/8-89/002 

0 Study deugned IO measure concenuauons of tmc subsranca in edible tissues of h h  and shdtish. 

Emronmmul  Proteaion Agency (EPA) and A m y  Corps of Enginem (COE). 1981. Pmccdurcs for Handling and Chemical Analvss 
of Sedimmr and Water Sarndu Tcchrucal Comrmttec on Dredged and Fa Mat& Technical Repon EPMIE41-1. 

Food and Drug Adminuvation (FDA). 1977. Patrade Anahnical Manual. Volume I. 

0 P m d s  a skin-on filla (whole T i  samphg) protocol ured m USEPA mOfIItOnIIg of spoctM I the Great 
Lakes. Also mdudes mformation on compositmg. 

Food and Drug Adrmnuuaoon (FLlA). 1986. Patiades and Induma1 chemicals m Domutic Foods. 

a Provides guldana for sampling dargns for fishay pmduar from the markeL 

Freeman, H.M. 1989. Standard Handbook of Hazardous Waste Treatment and Ds& MCCra~-Hill. N c ~ Y o r k  

e P m n d a  delarled mformauon c o n m n g  sampllng and monrrOnng of hazardous umKu at mnudkd aEtron U t a  
(Chaptcrs 12 and 13). 

Gilbm, R.O. 1987. Staustical Methods for Emranmenla1 Pollutm Mon~tomg. VanNotvaadRanhcdd. NcwYork 

0 P m n d a  ~ t a t s t i ~ a l  anatyw informuon by pmndhg sampling plans, smuIIlwcpI tesg, poramaa athatian 

simple. and u a m p k ,  excra~. and mae Jmdra are pmndcd to latrate pmadurer 
proccdurc techniqua. and refcrenca to pauncnt publicwonr. Thesmwticaltcchniqucrdrscusedarcldatlvdy 



DATA EVALUATHQN 

Characterization 

1 .  

I '  

DATA EVALUATION 

* Combine data available from 

* Evaluate analytical methods 

8 Evaluate quantitation limits 

site linvestigations 

Q Evaluate qualified and coded data 

* Evaluate blanks 

* Evaluate tentatively identified 

e Compare site data with 

Q Identify chemicals of potential 

compounds 

backg mu nd 

concern 



After a site sampling investigation has been 
completed (see Chapter 4), a large quantity of 
analytical data is usually available. Each sample 
may have been analyzed for the presence of over 
one hundred chemicals, and many of those 
chemicals may have been detected. The following 
nine steps should be followed to organize the data 
into a form appropriate for a baseline risk 
assessment: 

(3) 

(4) 

(7) 

(9) 

gather all data availsble from the site 
investigation and sort by medium 
(Section 5.1); 

evaluate the analytical methods used 
(Section 5.2); 

evaluate the quality of data with respect 
to sample quantitation 1,imirs (Section 
5.3); 

evaluate the quality of data with respect 
to qualifiers and codes (Section 5.4); 

evaluate the quality of data w t h  respect 
to blanks (Section 5.5);  

evaluate tentatively identified corn pounds 
(Section 5.6); 

co m pa re s i t e - re l'a t e0 
contamination with background (Section 

po ten t i  a 1 

5.7); 

develop a set of data for use in the risk 
assessment (Section 5 3 ) ;  and 

if appropriate. further limit the number 
of chemicals to be carried through the 
risk assessment (Section 5.9). 

Prior to conductine anv of these stem. the 
EPA remedial Droiect manager (RPMI should be 
consulted to determine if certain stem should be 
modified, added, or deleted as a result of site- 
s~ecific conditions. Also, some of the steps may 
be conducted outside the context of the risk 
assessment (e& for the feasibility study). The 
rationale for g g  evaluating certain data based on 
any of these steps must be fully discussed in the 
text of the risk assessment report. 

The following sections address each of the 
data evaluation steps in detail, and Exhibit 5-1 
presents a flowchart of the process. The outcome 
of this evaluation is ( I )  the identification of a set 

ACRONYMS FOR CHAPTER 5 

CLP = Contract Laboratory Program 
CRDL = Conuact-Rcquucd Detection Limit 
CRQL = C o n u a c t - R q d  Ouanbtation 

Lmu 
DL = Detection b i t  
FIT - Field Investigation Team 
LDL = Instrument Daec~~on kmi t  
MDL = Method Detection krmt 
ND = Nondetm 
PE = Paformanc~ Evaluation 

POL = Pracucal Quanutabon kmil 
QA/QC = Qualiry Aswraa&Ouatity Control 

QL = Quan~tatloa Lumt 
RAS = Roounc Anatyt i  scrvim 
SAS = speaat Analytical smices 

SMO = Sample hfanagcmcnt O f k c  
sow = statanent at work 
SQL = Sample Quantitatlon Limit 
svoc = scrmpolatile o r p i c  chtlnid 

T U  = Targct Compound List 
TIC = T a t a W  Mentified Compound 
TOC = T U  Organic Carbon 
TOX - Total Organic Halogens 
VOC = Volatile Ch@c Chefmeal 
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of chemicals that are likely to be site-related and 
(2) reported concentrations that are of acceptable 
quality for use in the quantitative risk assessment 
If the nine data evaluation steps are followed, the 
number of chemicals to be considered in the 
remainder of the risk assessment usually will be 
less than the number of chemicals initially 
identified. Chemicals remaining in the 
quantitative risk assessment based upon this 
evaluation are referred to in this guidance as 
"chemicals of potential concern.' 

5.1 COMBINING DATA 
AVAILABLE FROM SITE 
INVESTIGA'PIONS 

Gather data which may be from several 
different sampling periods and based on several 
different analytical methods, from all aMilabIe 
sources, including field investigation team (FIT) 
reports, remedial investigaaons, prelimiaary site 
assessments, and ongoing site characterization and 
alternatives screening activities. Sort data by 

medium. A useful table format for presenting 
data is shown in Exhibit 5-2 

Evaluate data h-om different time periods to 
determine if concentrations are similar or if 
changes have occurred between sampling periods. 
If the methods used to analyte samples from 
different time periods are similar in terms of the 
types of analyses conducted and the QA/QC 
procedures followed, and if the concentrations 
between sampling periods are similar, then the 
data may be combined for the purposes of 
quantitative risk assessment in order to obtain 
more information to characterize the site. If 
concentrations of chemicals change significantly 
between sampling periods, it may be useful to 
keep the data separate and evaluate risks 
separately. Alternatively, one could use only the 
most recent data in the quantitative risk 
assessment and evaluate older data in a qualitative 
analysis of changes in cancentrations over time. 
The RPM shouid be consulted on the elimination 
of any data sets from the risk assessment, and 
justification for such elimination must be fully 
described in the risk assessment report. 
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EXHIBIT 5-1 

DATA EVALUATION 

NOTE: See text for details 
concerning specific 
steps in this flowchart. 
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5.2 EVALUATION OF ANALmC4L results are appropriate for use in quantitative risk 
aSSeSSmenL Often, this determination has been 
made already by regional and contractor staff. METHODS 

Group data according to the types of analyses An overview of EPA analytical methods is 
conducted (e.g., field screening analysis, provided in the box below. Exhibit 5-3.presenrs 
semivolatiles analyzed by EPA methods for water examples of the types of data that are not usually 

appropriate for use in quantitative risk assessment, and wastewater, semivolatiles analyzed by P A ' S  

Superfund Contract Laboratory Program [CLP] even though they may be available from a site 
procedures) to determine which analytical method investigation. 



EXAMPLES OF THE TYPES OF DATA PQ'IEPITIIALLY UIVSUITABLE 
FOR A QUANnclrATlE RISK ASSESSMENT 

Analytical Instrument 
or Method Purpose of Analysis Analytical Result 

HNu Organic Vapor Detector Health and Safety, 
Field Screen 

Organic Vapor Analyzer 

Combusuile Gas Indicator 

Health and Safety, 
Field Screen 

Health and Safety 

Total Organic Vapor 

Total Organic Vapor 

Combustiile Vapors, 
Oxygendefiaent 
Atmosphere 

Field Gas Chromatographf Field Screen/AnaIytical SperaGc Volatile and 
Method Semi-volatile Organic 

Chemicals 

a Depending on the detector used, this instrument can be sufficiently sensitive to yield adequate data for 
use in a quantitative risk assessment however, a confirming analysis by GC/MS should be performed on 
a subset of the samples in a laboratory prior to use. 
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Analyucal results that are not specific for a 
particular compound (e.&, total organic carbon 
[TOC], total organic halogens FOX]) or results 
of insensitive analytical methods (e.g., analyses 
using portable field instruments such as organic 
vapor analyzers and other field screening methods) 
may be useful when considering sources of 
contamination or potential fate and transport of 
contaminants. These types of analytical results, 
however, generally are not appropriate for 
quantitative risk assessment; therefore, the risk 
assessor may not want to include them in the 
summary of chemicals of potential concern for the 
quantitative risk assessment. In addition, the 
results of analytical methods associated with 
unknown, few, or no QNQC procedures should 
be eliminated from further quantitative use. 
These types of results, however, may be useful for 
qualitative discussions of risk in other sections of 
the risk assessment report 

The outcome of this step is a set of site data 
that has been developed according to a standard 
set of sensitive, chemical-specific methods (e.&, 
SW-846 Methods [EPA 19861, EPA 6tlQ Methods 
[EPA 19841, CLP Statements of Work [EPA 
1988b,c]), with QNQC procedures that are well- 
documented and traceable. The data resulting 
from analyses conducted under the CLF', which 
generally comprise the majority of results available 
from a Superfund site investigation, fall into this 
category. 

Although the CLP was developed to ensure 
that consistent QNQC methods are used when 
analyzing Superfund site samples, it does not 
ensure that all analyucal results are consistently 
of sufficient quality and reliability for use in 
quantitative risk assessment. Neither the CLP nor 
QNQC procedures associated with other methods 
make judgments concerning the ultimate 'usability' 
of the data Do not aCCeDt at face value all 
remaining anahnical results, whether from the CLP 
or from some other set of analyucal 
methodologies. Instead, determine - according to 
the steps discussed below - the limitations and 
uncertainties associated with the data so that only 
data that are appropriate and reliable for use in 
a quantitative risk assessment are carried through 
the process. 

53 EVALUATION OF. 
QUANTKATIQN LIMITS 

This step involves evaluation of quantitation 
limits and detection lirmts (QLS and D L )  for all 
of the chemicals assessed at the site. This 
evaluation may lead to the re-analysis of some 
samples, the use of "proxy" (or estimated) 
concentrations, and/or the elimination of certain 
chemicals from further consideration (because they 
are believed to be absent from the site). Types 
and definitions of QIs and DLS are presented in 
the box on the next page. 

Before eliminating chemicals because they are 
not detected (or conducting any other 
manipulation of the data), the follmng points 
should be considered: 

(1) the sample quantitation limit (SQL) of 
a chemical may be greater than 
corresponding standards, criteria. or 
concentrations derived from toxicity 
reference values (and, therefore, the 
chemical may be present at levels greater 
than these corresponding reference 
concentrations, which may result in 
undetected risk); and 

(2) a particular SQL may be significantly 
higher than positively detected values in 
other samples in a data set. 

These two points are discussed in detail in the 
following two subsections. A third subsection 
provides guidance for situations where only some 
of the samples for a given medium test positive 
for a particular chemical. A fourth subsection 
addresses the special situation where SQL are not 
available. The final subsection addresses the 
specific steps involved with elimination of 
chemicals from the quantitative risk assessment 
based on their QLS. 

53.1 SAMPLE QUANTITATION LIMITS 
(SQLs) TEAT ARE GREATER THAN 
REFERENCE CONCENTRATIONS 

Asdiscrrssed in Chapter 4, QLS needed for 
the site investigation should be specifies in the 
sampling plan. For some chemicals, however, 
S Q b  obtained underRASorSASmay exceed 
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cenain reference concentrations (e.&. maximum 
contaminant levels WCU], concentrations 
corresponding to a 1U6 cancer risk). The box on 
the next page illustrates this problem. For certain 
chemicals (e-g., antimony), the CLP contract- 
required quantitation limits (CRQLS) exceed the 
corresponding reference concenvations for 
noncarcinogenic effects, based on the EPA-verified 
reference dose and a 2-liter per day ingestion of 
water by a 70-kilogram person' Estimation of 
cancer rish for several other chemicals (e.g.. 
arsenic, styrene) at their CRQLs yields cancer 
risks e x d i n g  109, based on the same water 
ingestion fixtors. Most potential carcinogens w t h  
EPAderived slope factors have C R Q b  that yield 
Caner risk levels exceeding 1U6 in water. 3nd 
none of the carcinogens with EPA-derived slope 
factors have CRQL values yielding less than 1'0' 
cancer risk levels (as of the publication date of 
this manual; data not shown). 

Three poinu should be noted when 
considering this example. 

(1) Review of site information and a 
preliminary determination of chemicals 
of potential concern at a site to 
sample collection may allow the 
specification of lower QLS (Le.. using 
SAS) before an investigation begins (see 
Chapter 4). This is the most efficient 
way to minimize the problem of QLs 
exceeding levels of potential concern. 

(2) EPA's Analytical Operations Branch 
currently is working to reduce the CRQL 
values for several chemicals on the TCL 
and TAL, and to develop an analytical 
service for chemicals with special 
standards (e.&, Ma). 

TYPES AND DEFTNITIONS OF DETECTION LIMITS AND QUAFITITATION LIMITS 
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EXAMPLE OF HEALTH RISKS FROM INGESTION OF WATER CONTAMINATED 
WITH SELECTED CHEMICALS AT THEIB Q U m A ' I T O N  LI"W 

7040-36.0 
744638-2 

50-324 
111-444 
121-14-2 
11874-1 
621-64-7 

1109669-1 
11096.82-5 

100.42-5 
7541 4 

60 
10 
10 
IO 
10 
10 
10 
1 
1 
5 
10 

(3) In several situations, an analytical the chemical is present in the sample at the SQL 
(see Section 53.4 for situations where S Q b  are 
not available). Cany the chemical through the 
screening risk assessment, essentially conducting 
the assessment on the SQL for the particular 
chemical. In this way, the rish that would be 

laboratory may be able to attain QLs in 
panicular samples that are below or 
above the CRQL values. 

If SAS was not speafied before sampling - -  
began and/or if a chemi&l is not detected in any 
sample from a particular medium at the QL, then 
available modeling data, as well as professional 
judgment, should be used to evaluate whether the 
chemical may be present above reference 
concentrations. If the available information 
indicates the chemical is not present, see Section 
535 for guidance on eliminating chemicals. If 
there is some indication that the chemical is 
present, then either re-amlyze selected samples 
using SAS, if time allows, or address the chemical 
qualitariveiy. In determining which option is most 
appropriate for a site, a screening-level risk 
assessment should be performed by assuming that 

, 
posd if the chemical-is present at the SQL can 
be compared with risks posed by other chemicals 
at the site. 

Re-analyze the sample. This (preferred) 
option discourages elimination of questionable 
chemicals (Le., chemicals that may be present 
below their QL but above a level of potential 
concern) from the risk -menL If time allows 
and a sufficient quantity of the sample is available, 
submit a SAS request to re-analyze the sample 
at Qls that are below reference concentrations. 
The possible outcome of this option is inclusion 
of chemicals positively detected at levels above 
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reference concentrations but below the QLS that 
would normally have been attained under routine 
analysis of Superfund samples in the CLP 
Program. 

Address the chemical qualitatively. A seoond 
and less desirable option for a chemical that may 
be present below irs QL (and possibly above its 
health-based reference concentration) is to 
eliminate the chemical from the quantitative risk 
assessment, noting that if the chemical1 was 
detected at a lower QL, then its presence and 
concentration could conuiiute significantly to the 
estimated risks. 

53.2 UNUSUALLY HIGH SQLs 

Due to one or more sample-specific problems 
(eg.. matrix interferences), SQLS for a particular 
chemical in some samples may be unusually high. 
sometimes greatly exceeding the positive results 
reported for the same chemical in other samples 
from the data set Even if these SQLS do not 

EXAMPLE OF UNUSUALLY HIGH 
QUANTITATION LIMITS 

exceed health-based standards or criteria, they may 
su l l  present problems. If the SQLS cannot be 
reduced by reanalyzing the sample (eg., through 
the use of SAS or sample cleaning procedures to 
remove matrix interferences), exclude the samples 
from the quantitative risk assessment if they cause 
the calculated exposure concentration (i.e., the 
concentration calculated according to guidance in 
Chapter 6)  to exceed the maximum detected con- 
centration for a particular sample set. The box 
on this page presents an example of how to 
address a situation with unusually high QLs. 

Most analytes at a site are not positively 
detected in sample collected and analyzed. 
Instead, for a particular chemical the data set 
generally wil l  contain some samples with positive 
results and others with nondetected results. The 
non-detected results uuaIly are reported as SQLS. 
These limits indicate that the chemical was not 
measured above certain levels, which may vary 
from sample to sample. The chemical may be 
present at a concentration just below the reported 
quantitation limit, or it may not be present in the 
sample at all (Le., the concentration in the sample 
is zero). 

In determining the concentrations most 
representative of potential exposures at the site 
(see Chapter 6). &der the positively detected 
reSalts together with the nondetected results (Le.. 
the SQLS). If there is reason to believe that the 
chemical is present in a sample at a concentration 
below the SQL, use onehalf of the SQL as a 
proxy concentration. The SOL value itself can be 
used if there is reason to believe the 
concentration is closer to it than to one-half the 
SQL (See the next subseaion for situations 
where SQLs are not available) Unless site- 
specific information indicates .that a chemical is 
not likely to be present in a sample, do not 
substitnte the value zero in place of the SOL (Le., 
do not assume that a chemical that is not detected 
at the SQL would not be deteued in the sample 
if the ma@is was extremely sensitive). Also, do 
not simply omit the nondemxed resplts from the 
risk assgsmenlt 

. -z 
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53.4 WHEN SQLs ARE NOT AVAILABLE 

A fourth situation concerning QLs may 
sometimes be encountered when evaluating Site 
data. For some sites, data summaries may not 
provide the S Q h  Instead, MDLS, CRQLS, or 
even IDLs may have been substituted wherever a 
chemical was not detected. Sometimes, no 
detection quantitation limiu may be provided 
with the data. As a first step in these situations, 
alwavs attemm to obtain the SQLs, because these 
are the most appropriate limits to consider when 
evaluating non-detected chemicals (i.e., they 
account for sample charactexistia, sample 
preparation, or analytical adjustments that may 
differ from sample to sample). 

If SQLs cannot be obtained, then, for CLP 
sample analyses, the CRQL should be used as the 
QL of interest for each non-detected chemical, 
with the understanding that these limits may 
overestimate or underestimate the actual SQL. 
For samples analyzed by methods different from 
CLF' methods, the MDL may be used as the QL, 
with the understanding that in most cases this will 
underestimate the SQL (because the MDL is a 
measure of detectian limits only and does not 
account for sample characteristics or matrix 
interferences). Note that the IDL should rarely 
be used for non-detected chemicals since it is a 
measure only of the detection limit for a 
particular instrument and does not consider the 
effect of sample handling and preparation or 
sample characteristia. 

5 3 5  WHENCHEMICAISARENOT 
DETECTED IN ANY SAMPLES W A 
MEDIUM 

After considering the discussion provlded 111 
the above subsections, generally elirmnate those 
chemicals that have not been detected in any 
samples of a particular medium. On CLP data 
reports, these chemicals will be designated in each 
sample with a U qualifier prectded by the SQL or 
CRQL (e.&, 10 v). If information e t s  to 
indicate that the chemicals are present, they 
should not be eliminated. For example, if 
chemicals with similat transport and fate 
characteristics are detected frequently in soil at a 
site, and some of these chemicah also are detecred 
frequently in ground water while the others are 
not detected, then the undetected chemicals are 

probably present in the ground water and 
therefore may need to be iaduded in the risk 
assessment as ground-water eontaminants. 

The outcome of this step is a data set that 
only contains chemicals for which positive data 
(Le., analytical results for which measurable 
concentrations are reported) are available in at 
least one sample from each medium. Unless 
otherwise indicated, assume at this point in the 
evaluation of data that positive dam to which no 
uncertainties are attached concerning either the 
assigned ideatity of the chemical the reponed 
concentration (i.e., data that are not "tentative," 
"uncertain," or "qualitative") are appropriate for 
use in the quantitative risk assessment. 

5.4 EVALUATION OF QUALIFIED 
AN3 CODED DATA 

For CLP analytical results, various qualifiers 
and d e s  (hereafter referred to as qualifiers) are 
attached to cenain data by either the laboratories 
conducting the analps or by persons performing 
data validation. These qualifiers often penain to 
QA/QC problems and generally indicate questions 
concerning chemical identity, chemical 
concentration, or both. AI1 qualifiers must be 
addressed before the chemical can be used in 
ouantitative risk assessment. QuaIifien used by 
the laboratory may differ from those used by data 
validation personnel in either identity or meaning. 

5.4.1 TYPES OF QUALIFIERS 

A list of the qualifiers that laboratones are 
permitted to use under the CLP - and their 
potential use in risk assessment - is preknted in 
Exhibit 5-4. A similar list addressing data 
validation qualifiers is provided in Exhibit 5-5. 
In general, because the data validation pn>ocss is 
intended to assess the effect of QC issues on data 
usability, validation data quali6eIs are attached to 
the data after the laboratory quali6ers and 
supersede the laboratory qualifien. If data haye 
both laboratory and validation qualifiers and they 
appear contradictory, ignore the laboratory 
qualifier and consider only the validation q-er. 
If qualifiers have been attached to certain dam by 
the laboratory and have not been re- 
revised, or suprseded during data validation, then 
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Qllalifier Definition 

Indicates: 
Uncertain Uncenain Include Data in Quantitative 
Identity? Concentration? Risk Assessment? 

lhoreanic Chemical Data! 

B 

U 

E 

M 

N 

s 

W 

0 

+ 

Reported value is 
<CRDL, but >IDL 

Compound was analyml for, 
bur not detected 

Value is estimated due to 
mapix interferences. 

Duplicate injection precision 
criteria not met 

Spiked sample recovery not 
within control limits. 

Reported value was determined 
by the Method of Standard 
AddiW (MSA). 

Postdigestion spike for furnace 
AA amlysis is out of control 
limits, while sample absorbance 
is 40% of spike absorbance. 

Duplicate analysis was not 
within contml limits. 

Correlation coefficient for 
MSAwas 4.9%. 

oreanic chemical Dam! 

No 

YeS 

No 

No 

No 

No 

No 

No 

No 

YeS 

(continued) 

? 

YeS 

YeS 

YeS 

YeS 

No 

YeS 

? 

YeS 

YeS 

YeS 

YeS 

YeS YeS 

Yes 

YeS 

Yes 

YeS 

YeS ? 

-z 
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Qualifier Definition 

Indicates: 
Uncertain Uncertain Include Data in Quantitative 

Identity? Concentration? Risk Assessment? 

J 

C 

B 

E 

D' 

A 

X 

Value is estimated, 
either for a tentatively 
identified compound (TIC) 
or when a compound is present 
(spectral identification 
criteria are met, but the 
value is <CRQL). 

Pesticide results were 
confirmed by GCWS. 

Analyte found in associated 
lbIank as well as in sample? 

Concentration exceeds 
calibration range of 
GC/MS instrument. 

Compound identified in an  
analysis at a secondary 
dilution factor. 

The TIC is a suspeaed aldol- 
condensation product. 

Additional flags defined 
separately. 

No, for YeS 
TCL chem- 
icals; 

Yes. for 
ncs 

No 

NO 

No 

No 

Yes 

_- 

No 

Yes 

YeS 

No 

YeS 

? 

YeS 

YeS 

No 

- = Data will vary with laboratory conducting analyses. 

'Source: EPA1988b. 

bS~urce: EPA1988c 

See Section 5.5 for guidance concerning blank contamination. 
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VALIDATION DATA QUALIFIERS AND THEIR 
POTENTIAL USE IPJ QUAMITA"VE RISK ASSESsMEZUT 

Indicates: 
Uncertain Uncertain Include Data in Quantitative 

Identity? Concentration? Risk Assessment? Qualifier Definition 

Inorgsnic and Ortzanic Chemical Dstaf 

U YeS ? The material was analyzed 
for, but not detected. The 
associated numerical value 
is the SQL 

YeS 

J 

R 

No YeS The associated numerical 
value is an estimated quantity. 

YeS 

Quality control indicates that YeS 
the data are unusable (compound 
may or may not be present). 
Re-sampling and/or re-analysis is 
necessaly for verification. 

YeS No 

2 No analytical result (inorganic 
data only). 

Q No analytical result (organic 
data only). 

N Presumptive evidence of 
presence of material1 (tentative 
identification)! 

YeS YeS ? 

-- = Not applicable 

Source: EPA 1988d.e. 

Organic chemical data only. 
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evaluate the laboratory qualifier itself. If it is 
unclear whether the data have been validated, 
contact the appropriate data validation andlor 
laboratory personnel. 

The type of qualifier and other site-specific 
factors determine how qualified data are to be 
used in a risk assessment. As seen in Exhibits 
5-4 and 5-5, the type of qualifier attached to 
certain data often indicates how that data should 
be used in a risk assessment For example, most 
of the laboratory quaIifiers for both inorganic 
chemical data and organic chemical data (e.&, J, 
E, N) indicate ancenainty in the reported 
wncentration of the chemical, but not in its 
assigned identity. Therefore, these data CUI be 
used just as positive data with no qualifiers or 
codes. In general, include data with qualifiers that 
indicate uncertainties in concentrations but not in 
identification. 

Examples showing the use of certain qualified 
data are presented in the next two boxes. The 
first box addresses the J qualifier, the most 
commonly encountered data qualifier in Superfund 
data packages. Basically, the guidance here is to 
use Jqualified wncentrations the same way as 

positive data that do not have this qualifier. ~f 

with the quaiifier, so that if data qualified with a 
J wntriiute signi!icaatiy to the risk, then 
appropriate aveats can be attached. 

possible, note potential uncertainties assodated 

An illustration of the lrse of R q d e d  data 
is presented in the tux in this column. The 
definition, and therefore the use of the R 
qualifier, differs depending on whether the data 
have been validated or not. (Note that the CLP 
formerly used R as a laboratory qualifier to 
indicate low spike rtcovcry for inorganics. This 
has been changed, but older data may still have 
been qualified by the laboratory with an R) If it 
is h n v n  that the R data qPali6er indicates that 
the sample result was rejected by the data 
validation personnel, then this result should be 
eliminated from the risk assessmw if the R data 
qualifier was placed on the data to indicate 
estimated data due to low spike recovery (Le., the 
R was placed on the data by the laboratory and 
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not by the validator), then use the Rqualified 
data in a manner similar to the use of Jqualified 
data (ie., use the Rqualified concentrations the 
Same way as positive data that do not have this 
qualifier). If possible, note whether the R- 
qualified data are overestimates or underestimates 
of actual expected chemical concentrations so that 

* appropriate caveats may be attached if data 
qualified with an R contribute significantly to the 
risk. 

5.4.2 USING THE APPROPRIA'IZ 
QU- 

The information presented in Exhiiits 5-4 
and 5-5 is based on the most recent EPA 
guidance documents concerning quaIifien: the 
SOW for Inorganics and the SOW for Organiu 
(EPA 1988b.c) for laboratory qualifiers, and the 
Functional Guidelines for Inorganics and the 
Functional Guidelines for Organics (EPA 1988d.e) 
for validation quaiifiers. The types and definitions 
of qualifiers, however, may be periodidly updated 
within the CLP program. In addition, certain 
EPA regions may have their own data qualifiers 
and associated definitions. These regional 
qualifiers are generally consistent with the 
Functional Guidelines, but are deigned to convey 
additional information to data users. 

In general, the risk -or should check 
whether the information presented in this section 
is current by contacting the appropriate regional 
CLP or headquarters Anaiytical Operations 
Branch staff. Also, if definitions are not reported 
with the data, regional contacts should be 
consulted gr&r to evaluating qualified data. 
These variations may affect how data with cenam 
qualifiers should be used in a risk assessment. 
Make sure that definitions of data Qualifiers used 
in the data set for the site have been reported 
with the data and are current. Never mess about 
the definition of aualifiers. 

5.5 COMPARISON OF 
CONCENTRATIONS 
DETECTED IN BLANKS WITH 
CONCENTRATIONS 
DETECTED HN SAMPLES 

Blank samples provide a measure of 
contamination that has been introduced into a 
sample set either (1) in the field while the 
samples were being collected or transported to the 
laboratory or (2) in the laboratory during sample 
preparation or analysis. To prevent the inclusipn 
of non-site-related contaminants in the risk 
assessment, the concentrations of chemicals 
detected in blanks must be compared with 
concentrations of the same chemicals detected in 
site samples. Detailed definitions of different 
types of blanks are provided in the box on the 
next page. 

Blank data should be compared with results 
from samples with which the blanks are associated. 
It is often impossible, however, to determine the 
association between certain blanks and data. Ir 
this case, compare the blank data with results 
from the entire sample data set. Use the 
guidelines in the following paragraphs when 
comparing sample concentrations with blank 
concentrations. 

Blanks containing common laboratory 
contaminants. As discussed in the CLP SOW for 
Organics (EPA 1988~) and the Funct io~l  
Guidelines for Organics (EPA 1988e), acetone, 2- 
butanone (or methyl ethyl ketone), methylene 
chloride, toluene, and the phthalate esters are 
considered by EPA to be common laboratory 
contaminants. In accordance with the Functional 
Guidelines for Organics (EPA 1988e) and the 
Functional Guidelines for Inorganis (EPA 1988d), 
if the blank contains detectable levels of mmmon 
laboratory contaminants, then the sample results 
should be considered as positive results Q& if the 
concentrations in the sample exceed ten times the 
maximam amount detected in am blank If the 
concentration of a common laboratory 
contaminant is less than ten times the blank 
concentration, then condude that the chemical 
was not detected in the particalat sample and, in 
accordance with EPA guidance, consider the 
blank-related concentrations of the chemical to be 

. -z 
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the quantitation limit for the chemical in that 
sample. Note that if &l samples contain levels of 
a common laboratory contaminant that are less 
than ten times the level of contamination noted 
in the blank, then completely eliminate that 
chemical from the set of sample results. 

Blanks containing chemicals that are not 
common laboratory contaminants. As discussed 
in the previously referenced guidance, if the blank 
contains detectable levels of one or more organic 
or inorganic chemicals that are g&t considered by 
EPA to be common laboratory contaminants (e.g., 
all other chemicals on the TCL), then consider 
site sample results as positive only if the 
concentration of the chemical in the site sample 
exceeds five times the maximum amount detected 
in anv blank. Treat samples containing less than 
five times the amount in any blank as non-detects 
and, in accordance with EPA guidance, consider 

the blank-related chemical concentration to be the 
quantitation limit for the chemical in that sample, 
Again, note that if fl samples contain levels of a 
TCL chemical that are less than five times the 
level of contamination noted in the blank, then 
completely eliminate that chemical from the set of 
sample results. 

5.6 EVALUATION OF 
'IrlENTAIWELY IDENTIFIED 
COMPQUNDS 

Both the identity and reported concentration 
of a tentatively identified compound (TIC) is 
questionable (see the box on the next page for 
background on TICs). 'Ikro options for addressing 
TICS exist, depending on the relative number of 
TICS compared to non-TIQ. 
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risk assesnmt, and document reasons for 
excluding TICS in the risk assessment report. 

When only a few TICS are present cornpared 
to the TAL and TCL chemicals, and no historical 
or other site information indicates that eithez a 
particnlar TIC may indeed be present at the site 
(eg., because it may be a by-product of a chemical 
operatioa conduaed when the site was active) or 
that the estimated amxamuion may be very high 
( i e ~ ,  the risk would be dominated by the TIC), 
them generally do not include the TICS in the risk 
assessment. Othenvise, follow the guidance 
provided in the next subsection. Consult with the 
RPM about omitting TICS from the quantitative 

5.62 WHENMANYTICSAREPRESENT 

If many TICS are present relative to the TAL 
and TCL compounds identified, or if TIC 
wncentratim appear high or site information 
indicates that TICS are indeed present, then 
further evaluation of TICS is necessary. If 
sufficient time is available, use SAS to confirm 
the identity and to positively and reliably measure 
the concentrations of TICS prior to their use in 
the risk assessment. IfSAS methods to identify 
and measure TICS are unavailable, or if there is 
insacient time to use. SAS7 then the TICS should 
be included as chemicals of potential concern in 
the risk assessment and the uncertainty in both 
identity and concentration should be noted (unless 
information exists to indicate that the TICS are 
not present). 

5.7 COMPARISON OF SAMPLES 
WITH BACKGROUND 

In some cases, a comparison of sample 
concentrations with background concentrations 
(e.& using the geometric mean concentrations of 
the two data sets) is useful for identifying the 
non-site-related chemicals that are found at or 
near the site. If background risk might be a 
concern, it should be calculated separately from 
site-related risk Often, however, the comparison 
of samples with background is unnecessary because 
of the low risk usually posed by the background 
chemicals compared to site-related chemicals. 

Asdiscussed in Chapter 4, information 
collected during the RI can provide information 
on two types of background chemicals (1) 
naturally ocfurring chemicals that have not been 
influenced by humans and (2) chemicals that are 
present due to anthropogenic sources Either type 
of background chemical can be either localized or 
ubiquitous. 

Information on lwckground chemicals may 
have been obrained by the collection of site- 
specific background samples and/or from other 
sources (e.& county Soil Conservation Service 
surveys, United States Geological Survey [USGS] 
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reports). Asdiscussed in Chapter 4, background 
concentrations should be from the site or the 
vicinity of the site. 

5.7.1 USE APPROPRIATE BACKGROUND 
DATA 

Background samples collected during the site 
investigation should not be used if they were 
obtained from areas influenced or potentially 
influenced by the site. Instead, the literature 
sources mentioned in the previous paragraph may 
be consulted to determine background levels of 
chemicals in the vicinity of the site. Care must be 
taken in using literature sources, because the data 
contained therein might represent nationwide 
variation in a particular parameter rather than 
variation typical of the geographic region or 
geological setting in which the site is located. For 
example, a literature source providing 
concentrations of chemicals in ground water on a 
national scale may show a wide range of 
concentrations that is not representative of the 
variation in concentrations that would be expected 
at a particular site. 

however, background concentrations may present 
a significant risk, and, while cleanup may or may 
not eliminate this risk, the background risk may 

eqosed. The FVM will always have the option 
to comider the risk posed by naturally occurring 
background chemicals separately. 

be an imponant site charaaens - tic to those 

In general, comparison with naturally 
occuring levels is applicable only to inorganic 
chemicals, because the majority of organic 
chemicals found at Superfund sites are not 

ubiquitous). The presence of organic chemicals 
in background samples collected during a site 
investigation actually my indicate that the sample 
was collected in an area influenced by site 
contamination and therefore does not qualify as 
a Vue background sample. Such samples should 
instead be included with other site samples in the 
risk assessment Unless a very strong case can be 
made for the natural occurrence of an organic 
chemical, do not eliminate it from the quantitative 
risk assessment for this reason. 

M t d y  0-g though they may be 

5.7.2 IDENTIFY STATISTICAL, m O D S  

In cases where background comparisons will 
be made, any statistical methods that will be used 
should be identified prior to the collection of 
samples (see Chapter 4). Guidance documents 
and reports that are available to aid in 
background comparison are listed in Section 4.4.3. 
Prior to conducting the steps discussed in the next 
two subsections, the RPM should be consulted to 
determine the type of comparison to be made, if 
any. Both a justification for eliminating chemicals 
based on a background comparison and a brief 
overview of the type of comparison conducted 
should be included in the risk assessment report. 

5.73 COMPARE CHEMICAL 
CONCENTRATIONS WITH 
NATURALLY OCCURRING LEvms 

As defined previously, naturally occurring 
levels are levels of chemicals that are present 
under ambient conditions and that have not been 
increased by anthropogenic sources. If inorganic 
chemicals are present at the site at naturally 
Occurring levels, they may be eliminated from the 
quantitative risk assessment. In some cases, 

5.7.4 COMPARE CHEMICAL 
CONCENTRATIONS WITH 
ANTHROPOGENIC LEVELS 

Anthropogenic levels are ambient 
concentrations resulting from lhuman (non-site) 
sources. Localized anthropogenic background is 
often caused by a point source such as a nearby 
factory. Ubiquitous anthropogenic background is 
often from nonpoint sources such as automobiles. 
In general, do not eliminate anthropogenic 
chemicals because, at many sites, it is extremely 
difficult to conclusively show at this stage of the 
site investigation that such chemicals are present 
at the site due to operations not related to the 
site or the surrounding area. 

Often, anthropogenic background chemicals 
can be identified and considered separately during 
or at the end of the risk assessment. These 
chemicals also can be omitted entirely from the 
risk assessment, but, as discussed for natural 
background, they may present a significant risk. 
Omitting anthropogenic background chemicals 
from the risk assessment could result in the loss 
of important information for those potentially 
exposed. 
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After the evaluation of data is complete as 
spedfied in previous sections, a list of the samples 
(by medium) is made that will be used to estimate 
exposure concentrations, as discussed in Chapter 
6 of this guidance. In addition, as shown in the 
flowchart in Exhiiit 5-1, a list of chemicals of 
potential concern (also by medium) will be needed 
for the quantitative risk Bssessment. This list 
should include chemicals that were: 

(1) positively detected in at least one CLP 
sample (RAS or SAS) in a given 
medium, inciading (a) chemicals with no 
qualifiers attached (excluding samples 
with unmually high detection limits), and 
(b) chemicals with qualifiers attached 
that indicate known identities but 
unknownconcentrations (eg., Jqualified 
daw; 

(2) detected at levels significantly elevated 
above levels of the same chemicals 
detected in associated blank samples; 

(3) detected at levels signifiolntly elevated 
above naturally occurring levels of the 
same chemicals; 

(4) only tentatively identified but either may 
be associated with the site based on 
historical infomation or have been 
confirmed by SAS.  and/or 

(5) transformation products of chemicals 
demonstrated to be present. 

Chemicals that were not detected in samples 
from a given medium (Le., nondetects) but that 
may be present at the site also may be incladed 
in the risk assessment if an evaluation of the risks 
potentially present at the detection limit is 
desired. 

For cenain sites, the list of potentially site- 
related chemicals remaining after quantitatim 
limits, quaiifiers, blank Contamination, and 
background have been d n a t e d  may be lengthy. 
Carrying a large number of chemicals through a 
quantitative risk assessment mg, be complex, and 
it may consume significant amounts of time and 
resources, The resulting risk assessment report, 
with its large, unwieldy tables and tex& may be 
difficult to read and understand, and it may 
dlstraa from the dominant risfs presented by the 
site. In these cases, the procedures discussed in 
this Section - using chemical classes, freqaency of 
detection, essential nutrient information, and a 
concentration-toxicity sereen - may be used to 
further reduce the number of chemicals of 
potential concern in each medium. 

If conducting a risk Bsscssment on a large 
number of chemicals is m i l e  (e.& because of 
adequate computer capabiliy), then the 
procedures presented in this section should not be 
used. Ratber, the most important chemicals (eg., 
those presenting 99 percent of the risk) - 
identified after the risk assessment - could be 
presented in the main text of the report, and the 
remaining chemicals could be presented in the 
appendices. 

59.1 CONDUCT INITIAL A- 

Several activities must be conducted before 
implementing my of the proQdures desaibed in 
this section: (1) consult witb the RPM; (2) 
consider how the rationale for the procedure 
should be documented; (3) eaamine historical 
information on the Site; (4) consider concentration 
and toxicity of the &e- (5) examine the 
mobility, persistence, and bioaaaunulation 
potential of the chemicals; (6) amsider special 
exposure routes; (7) consider the treatabiliq of 
the chemicals, (8) examine applicable or relevant 
and appropriate requiremem (ARARS); and (9) 
examine the need for the procedmes. These 
activities are d e s c s i  below. 
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a particular Site, the RPM should be consulted. 
Approval by the RPM must be obtained prior to 
the elimination of chemicals based on any of these 
procedures. The concentration-toxiciy screen in 
particular may be needed only in rare instances. 

Dacamentation of mtiode. The rationale 
for eliminating chemicals from the quantitative 
risk assessment based on the procedures discussed 
below must be clearly stated in the risk assessment 
report This documentation, and its possible 
defense at a later date, could be fairly resource- 
intensive. If a continuing need to justify this step 
is e;rrpected, then any plans to eliminate chemicals 
should be reconsidered. 

Historical i n t o ~ t h .  Chemicals reliably 
associated with site activities based on historical 
information generally should not be eliminated 
from the quantitative risk assessment, even if the 
results of the procedures given in this section 
indicate that such an elimination is possible. 

ConeenPation ma toxicity. certain aspects 
of mncentration and toxiaty of the chemicals also 
must be considered prior to eliminating chemicals 
based on the results of these procedures. For 
example, before eliminating potentially 
carcinogenic chemicals, the weightsfevidence 
classification should be considered in conjunction 
with the concentrations detected at the site. It 
may be practical and conswvative to retain a 
chemical that was detected at low concentrations 
if that chemical is a Group A carcinogen. (As 
discussed in detail in Chapter 7, the weight-of- 
evidence classification is an indication of the 
quality and quantity of data underlying a 
chemical's designation as a potential human 
carcinogen.) 

Mobility, persistence, and bioaccumulation. 
Three factors that must be considered when 
implementing these procedures are the mobility, 
persistence, and bioaccumulation of the chemicals. 
For example, a highly volatile (Le., mobile) 
chemical such as benzene, a long-lived (Le.. 
persistent) chemical such as dioxin, or a readily 
taken-ap and concentrated (ie., bioaccumulated) 
chemical such as DDT, probably should remain in 
the risk assessment. These procedures do not 
explicitly include a mobility, persistence, or 
bioaccamalation compneztt, and therefore the 

risk assessor must pay special attention to these 
factors. 

Speda)exposu~routes. Forsomechemicals, 
certain exposure routes need to be considexed 
carefpuy before using these proceduns. For 
example, some chemicals are highly volatile and 
may pose a s i w c a n t  inhalation risk due to the 
home use of contaminated water, particularly for 
showering. The procedures descn'bed in this 
section may not account for exposure routes such 
asthis. 

Treatem. Some chemicals are more 
difiicult to treat than others and as a result should 
remain as chemicals of potential concern because 
of their importance during the selection of 
remedial alternatives. 

ARhRs. Chemicals with ARARS (including 
those relevant to land ban compliance) usually are 
not appropriate for exclusion from the quantitative 
risk assessment based on the procedures in this 
SecriolL This may, however, depend in pan on 
how the chemicals' site concentrations in specific 
media compare with their ARAR concentrations 
for these media. 

Need for procedures. Quantitative evaluation 
of chemicals of potential concern is the most 
thorough approach in a risk assessment. In 
addition, the time required to implement and 
defend the selection procedures discussed in this 
section may exceed the time needed to simply 
carry all the chemicals of potential concern 
through the risk assessment. Usually, carrying all 
chemicals of potential concern through the risk 
assessment will not be a dif6cult task, particnlarly 
given rhe widespread use of computer spreadsheets 
to calculate scposure concentrations of chemicals 
and their associated risks, Although the tables 
that result may indeed be large, computer 
spreadsheets signifiolntly haease the ability to 
mluate a number of chemicals in a relatively 
short pied of time. For these reasons, the 
procedures discussed here may be needed only in 
rare instances. As previously stated, the approval 
of these procedures by the RPM must be obtained 
prior to implementing any of these optional 
screeaing procedures at a paniahr site. 
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5.9.2 GROUP CHEMICALS BY CLASS 

At times, toxicity values to be used in 
charauerizing risks are available only for certain 
chemicals within a chemical dass. For example, 
of the polyqclic aromatic hydrocarbons (PAHS) 
considered to be potential carcinogens, a slope 
factor currently is available (Le., as this manual 
went to press) for benz(a)pyrene only. In these 
cases, rather than eliminating the other chemicals 
within the dass from quantitative evaluation 
because of a lack of toxiaty values, it may be 
useful to group data for such a class of chemicals 
(eg., according to snuaUreactivity relationships 
or other similarities) for consideration in later 
sections of the risk assessment For example, the 
concentrations of only one group of chemicals 
(e.& cardnogenic PAHs) would be considered 
rather than concentrations of each of the seven 
carcinogenic PAHs currently on the TCL. 

To group chemicals by class, concentrations 
of chemicals within each class are summed 
according to procedures discussed in Chapter 6 of 
this guidance. Later in the risk assessment. this 
chemical class concentration would be used to 
characterize risk using toxiaty values (i.e, RfDs 
or slope facton) associated with one of the 
chemicals in the particular class. 

Three notes of caution when grouping 
chemicals should be considered. (1) do not group 
solely by toxicity characteristics; (2) do not group - all carcinogenic chemicals or all noncarcinogenic 
chemicals without regard to structure-activity or 
other chemical similarities; and (3) discuss in the 
risk assessment report that grouping can produce 
either mer- or underestimates of the true risk 

5.93 EVALUATE FREQUENCY OF 
DGTECITON 

Chemicals that are infrequently detected may 
be artifacts in the data due to sampling, analytical, 
or other problems, and therefore may not be 
related to site operations or disposaI practices. 
Consider the chemical as a candidate for 
elimination from the quantitative risk assessment 
if: (1) it is detected infrequently in one or 
perhaps two environmental media, (2) it is not 
detected in any other sampled media or at high 
concentrations, and (3) there is no reason to 
believe that the chemical may be present 

Available modeling results may indicate whether 
monitoring data that show infrequently detected 
chemicals are representative of only their sampling 
locations or of broader areas. Because chemical 
concentrations at a site are spatially variable, the 
risk assessor can use! modeling resultf to project 
infrequently deteaed chemicaI concentrations Over 
broader areas when determining whether the 
subject chemicals are relevant to the overall risk 
assessment Judicious use of modeling to 
supplement available monitoring data often can 
minimize the need for the RPM to resort to 
arbitrarily setting Limits on inclusion of 
infrequently detected chemicals in the risk 
assessment Any detection frequency limit to be 
used (e.& five percent) should be approved by the 
RPM prior to using this screen. If, for example, 
a frequency of detection limit of five percent is 
used, then at least 20 samples of a medium would 
be needed (Le., one detect in 20 samples equals 
a five percent frequency of detection). 

In addition to available monitoring data and 
modeling results, the risk assessor wil l  need to 
consider other relevant factors (e.&, presence of 
sensitive subpopulations) in recommending 
appropriate site-spedfic limits on inclusion of 
infrequently detected chemicals in the quantitative 
risk assessment For example, the risk assessor 
should1 consider whether the chemical is expected 
to be present based on historical data or any 
other relevant information (eg., known 
degradation products of chemicals present at the 
site, modeling results). Chemicals expected to be 
present should not be eliminated. (See the 
example of chemicals with similar transport and 
fate characteristics m Section 535.) 

The reported or modeled concentrations and 
locations of chemicals should be examined to 
check for hotspots, which may be especially 
important for short-term exposures and which 
therefore should not be eliminated from the risk 
assessment Always consider detection of 
particular chemicals in all sampled media because 
some media may be sources of contamination for 
other media. For example, a chemical that is 
infkequently detected in soil (a potential ground- 
water contamination source) probably should not 
be eliminated as a site COnaMinant if the same 
chemical is frequentty deteued in ground water. 
In addition, infrequently detected ci~emicals with 
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concentrations that greatly exceed rtserenoe 
concentrations should not be eliminated. 

59.4 EVALUATE EssppIlAc NUTRIENTS 

Chemicals that are (1) essential human 
nutrients, (2) present at law concentrations (Le., 
only slightly elevated above naturally occuning 
levels), and (3) toxic only at very high doses (La, 
much higher than those that could be associated 
with contact at the site) need not be considemi 
further in the quantitative risk BssessmenL 
Examples of such chemicals are iron, magnesium, 
calcium, potassium, and sodium. 

Prior to eliminating such chemicals from the 
risk assessment, they mpst be shown to be present 
at levels that are not associated with adverse 
health effects. The determination of acceptable 
diemy levels for essential nutrients, however, 
often is very difficult. Literature values 
concerning acceptable dietary levels may collflict 
and may change hirly often as new studies are 
conducted. For example, arsenic - a potential 
carcinogen - is considered by some scientists to 
be an essential nutrient based on animal 
experiments; however, acceptable dietary levels are 
not well known (EPA 1988f). Therefore, arsenic 
should be retained in the risk assessment, even 
though it may be an essential nutrient at 
undefined dietary levels. Another example of a 
nutrient that is difficult to charact- is sodium. 
Although an essential element in the diet, CeRain 
levels of sodium may be associated with blood 
pressure effects in some sensitive individuals 

sodium in drinking water and hypertension are 
inadequate [EPA 19871). 

(although data indicating an association between 

Another problem with determining acceptable 
dietary levels for essential nutrients is that 
nutrient levels often are presented in the literature 
as concentrations within the human body (e.&, 
blood levels). To identi@ an essential nutrient 
amcentration to be used for comparison with 
concentrations in a particular medium at a site, 
blood (or other tissue) levels of the chemical bum 
the literature must be converted to conaentrations 
in the media of con- for the site (e.& so& 
drinking water). 

For these reasons, it may not be possible to 
compare essential nupient concentrations with site 
concentrations m order to eliminate essential 
nutrient chemicals In generaZ only essential 
nutrients present at low concentrations (Le., only 
slightly elevated above background) should be 
eliminated to help ensure that chemicals present 
at potentially toxic concentrations are evaluated in 
the quantitative risk assessment. 

59.5 USE A CONCENTRATION-TOXICIll- 
SCREEN 

The objective of this screening procedure is 
to identify the chemicals in a particular medium 
that - based on concentration and toxicity - are 
most likely to contriiute sipikantly to risk 
calculated for expomre scenarios involving that 
medium, so that the risk 8ssessment is focusxi on 
the "most significant" chemicals. 

caienlate individual chemical scores. m 
the potential effect of including a chemical in the 
risk assessment are its measured concentrations at 
the site and its toxicity. Therefore, in this 
screening procedure, each chemical in a medium 
is first scored according to its wncentration and 
toxicity to ob- a risk factor (see the box below). 
Separate scores are calcnlated for each medium 

of the most important faaors when detemmng 

being evaluated 



The units for the risk factor depend on 
the medium Wig screened In genemi, the 

among chemicals in a medium are the same. The 
amexmation used in the above equation should 
be the maximum deteued concentration, and 
toxicity values should be obtained in accordance 

absolute units do not matter, as loq a!i units 

with the procedures discusw in chapter 7. 

chemicals without toxicity values cannot be 
screened using this procedure. Such chemicals 
s h o u l d a h v a y s b e ~  in the risk assessment 
as chemicals of potenrial ooncerq they should ~ l ~ f  
bediminlterl 6um the risk assessment Guidance 

provided in Chapter 7. 
concerning chemicals without toxicity values is 

For some chemicals, both oral and inhalation 
toxicily values are available. In these cases, the 
more conservative Waty values (i.e, ones 
yielding the larger risk factor when used in the 
above equation) usually should be usexi If only 
one exposum mute is likely for the medium being 
evaluated, then the toxicity values corresponding 
to that apasure mute should be used. 

Ca)c&tetOCB)chendcalsco~s@eimedium). 
Chemical-specific risk factors are summed to 
obtain the total risk faaor for all chemicals of 
potential concern in a medium (see the box on 
this page). A separate Rj will be calculated for 
carcinogenic and noncarcinogenic effects The 
ratio of the risk huor for each chemical to the 
total risk Zsctor (Le., R&) amroximates the 
relative risk for each chemical in medium j. 

Elimlnade ehemicaps. After care!id@ 

subsection, eliminate from the risk Bssessment 
chemicals with vj ratios that are very low 
compared with the ratios of other chemicals in the 
medium. 'IbeRPMmaywishtospeufyalimit 
for this ratio (e.& 0.01; a lower fraction would be 
needed ifsite risks are expected to be high). A 
chemical that contriiutes less than the s m e d  - haction of the total risk faaor for each medium 
wuld not be considered fanher in the risk 
llssessmezlt for that medium. Chemicals eJDceeding 
the limit would be amsidered likely to C o n t r i i  
sipil3cant€y to risks, as calculated in subsequent 

considering the factors discussed previously in this 

~R .. 

stages of the risk assessment. This screening 
procedure could greatly reduce the number of 
chemicals carried through a risk assessment, 
because in many cases only a few chemicals 
contriibute significantly to the total risk for a 
particular medium. 

The risk factors develoDed in this screening 
proQdurearetobensedonhr for mtential 
reduction of the number of chemicals cam4 
through the risk assegment and have no meaning 
outside of the context of the screenine ~ r o c e d u ~ .  
They should not be considered as a quantitative 
measure of a chemical's toxicity or risk or as a 
substitute for the risk assessment procedures 
dixussed in Chapters 6 7 ,  and 8of this guidance 

5.14) S-Y ANID 
PBESENTATION OF DATA 

The section of the risk assessment report 
summaridng the results of the dam collection and 
evaluation should be titled "Identification of 
Chemicals of Potential Concern" (see Chapter 9). 
Information in this sectioll should be presented in 
ways that readily support the calculation of 
exposure concentrations in the arposure 
asessment portion of the risk assessment. 
Exhiiits 5-6 and 5-7 present emmples of tables to 
be included in this section of the rislr 8sscssment 
repon 
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Table X 
Chemicals Sampled in Medium Y 

(and in Operable Unit Z, if appropriate) 
Name of Site, Location of Site 

Chemical 
Frequency of 

Detection' 

IRange 
of Sample 

Quantitation 
Limits (units) 

Range 
of Detected 

Concentrations 
(units) 

Background 
Levels 

Chemical A 
Chemical B 

3m 
25/25 

5 - 50 
1 * 32 

320 - 4600 
16 - 72 

100 - 140 
-- 

-- = Not available. 

* Identified as a chemical of potential concern based on ev3luation of data according to procedures 
desmied in text of report. 

' Number of samples in which the chemic31 was posilively detected over the number of samples 
available. 



Table W 
SIlmmary of chemicals of 

Potential CMCern at Site X, Laation Y 
(and in Operable Unit Z if appropriate) 

Chemid 

Chemical A 
Chemical B 
Chemical C 
Chemical D 

5 - 1,100 - 
05 - 64 5 - 9 2  

2 - 12 - - 15 - 890 
- 

100 - 45.m - 

- = Not available. 
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5.10.1 DATA COLLECI'ION 
AND EVALUATION RESULTS IN TEXT 

In the introduction for this section of the risk 
assamem report, clearly disftlss in bullet form 
the steps involved in data evaluation. If the 
optional screening procedure d e s c r i i  in Section 
5.9 was used in demmhiq chemicals of potential 
concern, these steps should be included in the 
introduction. If both historical data and current 
data were used in the data evaluation, state this 
in the mtroduction. Any speual site-spec& 
considerations in collecting and evaluating the 
data should be mentioned. General uncertainties 
concerning the quality associated with either the 
collection or the analysis of samples should be 
discussed so that the potential effects of these 
uncertainties on later sections of the risk 
assessment can be determined. 

In the next pan of the report, discuss the 
samples from each medium selected for use in 
quantitative risk assessment Provide information 
concerning the sample collection methods used 
(ag., grab, composite) as well as the number and 
location of samples. If this information is 
provided in the RI report, simply refer to the 
appropriate sections. If any samples (e.&, field 
screeninglanalytical samples) were excluded 
specifically from the quantitative risk assessment 
prior to evaluating the data, document this along 
with reasons for the exclusion. Again, remember 
that such samples, while not used in the 
quantitative risk assessmen& may be useful for 
qualitative discussions and therefore should not be 
entirely excluded from the risk assessment. 

Discuss the data evaluation either by medium, 
by medium within each operable unit (if the site 
is sufficiently large to be divided into specific 
operable units), or by disuete areas within each 
medium in an operable unit. For each medium, 
if several source areas with different types and 
concentrations of cltemicals exist, them the 
medium-specific discussion for each source area 
may be separate. Begin the discassion with those 
media (e.g., wastes, soils) that are potential 
sources of contamination for other media (ag., 
ground water, surface wam/sediments). If no 
samples or data were available for a particular 
medium, discuss this in the tact For soils data, 
discuss surface soil r d r s  separately from those 
of subsurface soils. PreEent ground-water results 

by aquifer if more than one aquifer was sampled. 
Discuss surface water/sediment results by the 
speclfic surface water body sampled. 

For each medium, identify in the report the 
chemicals for which samples were analyze4 and 
list the analytes that were detected in at least one 
sample. If any detected chemicals were eliminated 
from the quantitative risk assessment based on 
evaluation of data (i.e., based on evaluation of 
data quality, background comparisons, and the 
optional screening procedures, if used), provide 
reasons for the elimination in the text (e.& 
chemical was detected in blanks at similar 
concentrations to those detected in samples or 
chemical was infrequently detected). 

The final subsection of the text is a 
discussion of general trends in the data results. 
For example, the text may mention (1) whether 
concentrations of chemicals of potential concern 
in most media were close to the detection limits 
or (2) trends concerning chemicals detected in 
more than one medium or in more than one 
operable unit at the site. In addition, the location 
of hot spots should be discussed, as well as any 
noticeable trends apparent from sampling resulu 
at different times. 

5.10.2 SUMMARlZ E DATA COLLECTION 
AND EVALUATION RESULTS IN 
TABLES AND GRAPHICS 

As shown in Exhibit 5-6, a separate table that 
includes all chemicals detected in a medium can 
be provided for each medium sampled at a 
hazardous waste site or for each medium within 
an operable unit at a site. Chemicals that have 
been determined to be of potential concern based 
on the data evaluation should be designated in the 
table with an asterisk to the left of the chemical 
name. 

For each chemical, present the frequency of 
detenion in a certain medium (Le., the number of 
times a chemical was detected over the total 
number of samples considered) and the range of 
detected or quantified values in the samples. Do 
not present the QL or similar indicator of a 
minimum level (ag., e10 mgL, ND) as the lower 
end of the range; instead, the lower and upper 
bound of the range should be the minimum and 
maximum deteued values, respectively. The range 
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This chapter descnbes the procedures for 
conducting an exposure assessment as part of the 
baseline risk assessment process at Superfund 
sites. The objective of the exposure assessment is 
to estimate the type and magnitude of exposures 
to the chemicals of potential concern that are 
present at or migrating from a site. The results 
of the e~rposure assessment are combined with 
chemical-specific toxicity information to 
characterize potential risks. 

The procedures and information presented 
in this chapter represent some new approaches to 
e;xposure assessment as well as a synthesis of 
currently avaiible e~rposure assessment guidance 
and information published by EPA Throughout 
this chapter, relevant exposure assessment 
documents are referenced as sources of more 
detailed information supporting the exposure 
assessment p'ocess. 

6.1 BACKGRQUNIP 

Exposure is defined as the contact of an 
organism (humans in the case of health risk 
assessment) with a chemical or physical agent 
(EPA 1988a). The magnitude of exposure 1s 
determined by measuring or estimating the 
amount of an agent available at the exchange 
boundaries @e., the lungs, gut, skin) during a 
specified time period. Exposure assessment is the 
determination or estimation (qualitative or 
quantitative) of the magnitude, frequency, 
duration, and route of exposure. Exposure 
assessments may consider past, present, and future 
exposures, using Varying assessment techniques for 
each phase. Estimates of current exposures can 
be based on measurements or models of existing 
conditions, those of future exposures can be based 
on models of future conditions, and those of past 
exposures can be based on measured or modeled 
past concenmtions or measured chemical 

concentrations in tissues. Generally, Superfund 
exposure assessments are concerned with current 
and future exposures. If human monitoring is 
planned to assess current or past exposures, the 
Agency for Toxic Substances and Disease Registry 
(ATSDR) should be consulted to take the lead in 
conducting these studies and in assessing the 
current health status of the people near the site 
based on the monitoring results. 

6.1.1 COMPONENTS OF AN 
EXPOSURE ASSESSMENT 

The general procedure for conducting an 
exposure assessment is illustrated in Exhibit 6-1. 
This procedure is based on =A's published 
Guiieiina for ETposute Assessment @PA 1986a) 
and on other related guidance (EPA 1988a, 
1988b). It is an adaptation of the generalized 
exposure assessment process to the particular 
needs of Superfund site risk assessments. 
Although some exposure assessment activities may 
have been started earlier (e& during RVFS 
scoping or even before the RUFS process began), 
the detailed exposure assessment process begins 
after the chemicaldata havebeencollectedand 
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validated and the chemicals of potential collcern 
have been selected (see Chapter 5, Section 533). 
The exposure assessment proceeds with the 
following steps. 

step 1. - QIIvacreritation alarposare Settrng 
(Section 6.2). In this step, the asFessor 
characterizestheeqosuresettingwithrespecc 
to the general physical charactens * tics of the 
site and the characlerrsa * 'cs of the populations 
on and near the site. Basic site 

characteristics such as climate, vegetation, 
ground-water hydrology, and the presence and 
location of surface water are identified in this 
step. Populations also are identified and are 
descriiwithrespecttothosecharaaeriahs 
that influence aposme, such as location 
relative to the site, activiq panem, and the 
presenceofsepsitivewrbpopolations. This 
st,s, considers the characteristiis of the 
current popolation, aswenas thoseofany 
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potential future populations that may differ 
under an alternate land use. 

Step 2 .. Id-tifiCath ob p t h w a ~  
(seaion 6.3). In this step, the exposure 
assessor identifies those pathwa~ by which 
the previously identified populations may be 
exposed Each exposure pathway describes 
a unique mechanism by which a population 
may be exposed to the chemicals at or 
originating from the site. Exposure pathways 
are identified based on consideration of the 
sources, releases, types, and locations of 
chemicals at the site; the likely environmental 
fate (including persistence, partitioning, 
transport, and intermedia transfer) of these 
chemicals; and the location and activities of 
the potentially exposed populations. 
Exposure points (points of potential contact 
with the chemical) and routes of exposure 
(e.g., ingestion, inhalation) are identified for 
each exposure pathway. 

Step 3 - Quantification of arposare (Section 
6.4). In this step, the assessor quantifies the 
magnitude, frequenq and duration of 
exposure for each pathway identified in Step 
2. This step is most often conducted in two 
stages: estimation of exposure concentrations 
and calculation of intakes. 

Estimation of exws ure concentrations 
LSection 6.51. In this part of step 3, the 
exposure assessor determines the 
concentration of chemicals that will be 
contacted over the exposure period. 
Exposure concentrations are estimated using 
monitoring data and/or chemical transport 
and environmental fate models. Modeling 
may be used to estimate future chemical. 
concentrations in media that are currently 
contaminated or that may become 
contaminated, and cnrrent concentrations in 
media and/or at locations for which there are 
no monitoring data 

Calculation of intakes Section 6.6). In this 
part of step 3, the exposure assessor 
calculateschemical-specificexposuresforeach 
exposure pathway identified in Step 2 
Exposure estimates are e3cpressed in terms 
of the mass of substance in contact with the 
body per unit body weight per unit time (e.&, 

mg chemical per kg body weight per day, also 
expressed as mg(kg-day). These exposure 
estimates are termed "intakes" (for the 
purposes of this manual) and represent the 
normalized arposure rate. Several terms 
common in other EPA documents and the 
literature are equivalent or related to intake 
(see box on this page and definitions box on 
page 6-2). Chemical intakes are calculated 
using equations that include variables for 
exposure concentration, contact rate, exposure 
frequency, exposure duration, body weight, 
and exposure averaging time. The values of 
some of thge variables depend on site 
conditions and the characteristics of the 
potentially exposed population. 

TERMS EQUIVALENT OR 
RELATED TO INTAKE 

r~ Rate. Equivalent to intake 1 NormafizcdEx#rsu 

Admmistnrd Dose Equivalent to intake 

Amlied Dose Equivalent 10 intake 

Absorbed Dose. Equivalent to intake multiplied by 
an absorption factor 

After intakes have been estimated, they are 
organized by population, as appropriate (Section 
6.7). Then, the sources of uncertainty (e.g., 
variability in analytical data, modeling results, 
parameter assumptions) and their effect on the 
exposure estimates are evaluated and summarized 
(Section 6.8). This information on uncertainty is 
important to site decision-makers who must 
evaluate the results of the exposure and risk 
assessment and make decisions regarding the 
degree of remediation required at a site. The 
exposure assessment concludes with a summary of 
the estimated intakes for each pathway evaluated 
(Section 6.9). 

6.1.2 REUONABIE MAXIMUM EXPOWRE 

Anions at Superfund sites should be based 
on an estimate of the reaSOMble maximum 

- current and future land-use conditions. The 
reasonable &mum exposure is defined here as 

exDOsure (RME) expected to occzu under both 

-- 



the highest e;xposure that is reasonably expected 
to OCCUT at a site. RMES are estimated for 
individual pathways. If a population is exposed 
via more than one pathway, the combination of 
exposures across pathways also must represent an 
RME 

Estimates of the reasonable maximum 
exposure neaswily involve the use of 
professional judgment. This chapter provides 
guidance for determining the RME at a site and 
identifies some eJEposure variable values 
appropriate for use in this determination. The 
specific values identified should be regarded as 
general reoommendations, and could change based 
on site-specific information and the particular 
needs of the EPA remedial project manager 
(RPM). Therefore, these rearmmendations should 
be used in conjunction with input from the RPM 
responsible for the site. 

In the past, exposures generally were 
estimated for an average and an upper-bound 
exposure case, instead of a single exposure case 
(for both Current and future land use) as 
recommended here The advantage of the two 
m e  approach is that the resulting range of 
exposures provides some measure of the 
uncertainty surrounding these estimates. The 
disadvantage of this approach is that the upper- 
bound estimate of exposure may be above the 
range of possible exposures, whereas the average 
estimate is lower than exposures potentially 
experienced by much of the population. The 
intent of the RME is to estimate a conservative 
exposure case (Le., well above the average case) 
that is still within the range of possible exposures. 
Uncertainty is still evaluated under this approach. 
However, instead of combining many sources of 
uncertainty into average and upper-bound 
exposure estimates, the variation in individual 
exposure variables is used to evaluate uncertainty 
(See Section 6.8). In this way, the variables 
contributing most to uncertainty in the exposure 
estimate are more easily identified. 

The first step in evaluating exposure at 
Superfund sites is to characterize the site with 
respect to its physical characteristia as well as 
those of the human populations on and near the 
site. The output of this step is a qualitative 
evaluation of the site and surrounding populations 
with respect to those characteristics that influence 
exposure. AU information gathered during this 
step wil l  support &e identification of exposure 
pathways in Step 2 In addition, the information 
on the potentially exposed populations will be 
used in Step 3 to determine the values of some 
intake variables. 

62.1 CHARAclxREEPHYsIcAL 
SGITING 

Characterize the expasure setting with respect 
to the general physical characteristics of the site. 
Important site characteristics include the 
following: 

a climate (e.g., temperature, 
precipitation); 

e meteorology (e.g., wind speed and 
direction); 

a geologic setting (cg., location and 
characterization of underlying strata); 

e vegetation (ag.. unvegetated, forested, 
grassy); 

e soil 'ype (ag., sandy, organic, acid, 
basic); 

e ground-water hydrology (e.& depth, 
direction and type of flow); and 

o location and description of surface water 
(e& q q ~ .  flow rates, salinity). 

Sources of this information include site 
descriptions and data from the prelimurary 
assessment (PA), site inspeaion (SI), and remedial 
investigation (RI) reports. Other sources include 
county soil surveys, wetlands maps, aerial 



photographs, and reports by the National 
Oceanographic and Atmospheric Association 
(NOM) and the US. Geological Survey (USGS). 
The assessor also should mnsuh with appropriate 
technical experts (egg hydrogeologists, air 
modelers) as needed to charaaerite the site. 

6.23 cHI4RA-po-y 
EXPOSED POPULATIONS 

characterize the populations on or near the 
site with respect to location relative to the site, 
activity ,patterns, and the presence of sensitive 
subgroups. 

Determine location of current populations 
relative to the site. Determine the distance and 
direction of potentiaIly exposed populations from 
the site. Identify those populations that are 
closest to or actually living on the site and that, 
therefore, may have the greatest potential for 
exposure. Be sure to include potentially exposed 
distant populations, such as public water supply 
consumers and distant consumers of fish or 
shellfish or agricultural products from the site 
area Also include populations that could be 
exposed in the future to chemicals that have 
migrated from the site. Potential sources of this 
information include: 

e site visit; 

o other information gathered as part of 
the SI or during the initial stages of the 
RI; 

e population surveys conducted near the 
site; 

e topographic, land use, housing or other 
maps; and 

e recreational and commercial fisheries 
data. 

Determine current land use. Characterize 
the activities and activity patterns of the 
potentially exposed population. The following 
land use categories will be applicable most often 
at Superfund sites: 

a residential; 
o commercW5ndusuiak and 

. recreational. 

Determine the current land use or uses of 
the site and surrounding area The best source 
of this information is a site visit. b k  for 
homes, playgrounds, park, businesses, industries, 
or other land uses 011 or in the vicinity of the site. 
Other sources on local land use include: 

o state or local zoning or other land use- 
related laws and regulations; 

e data from the US. Bureau of the 
censas; 

e topographic, land use, lhousing or other 
maps and 

e aerial photographs. 

Some land uses at a site may not fit neatly 
into one of the three land use categories,andI 
other land use dassifications may be more 
appropriate (e-g., agricultnral land use). At some 
sites it may be most appropriate to have more 
than one land use category. 

After defining the land use(s) for a site, 
identify human activities and activity patterns 
associated with each land ase. This is basically 
a "common sense' evaluation and is not based on 
any specific data sources, but rather on a general 
understanding of what aaivities OcNr in 
residential, business, or recreational areas. 

Characterize activity patterns by doing the 
following. 

o Determine the percent of time that the 
potentially exposed population(s) spend 
in the potentially contaminated area. 
For example, if the potentially exposed 
population is commercial or industrial, 
a reasonable maximum daily exposure 
period is likely to be 8 hours (a typical 
work day). conversely, if the population 
is residential, a msximum daily exposure 
period of 24 hours is possible. 

e Determine if activities occur primarily 
indoors, outdoors, or both. For example, 
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office workers may spend all their time 
indoon, whereas construction workers 
may spend all their time outdoors. 

Determine how activities change with 
the seasons. For example, some 
.outdoor, summertime recreational 
activities (e+, swimming, fishing) will 
occur less frequently or not at all during 
the winter months. Similarly, children 
are likely to play outdoors less frequently 
and with more clothing during the winter 
months. 

Determine if the site itself may be used 
by local populations, particularly if access 
to the site is not restricted or otherwise 
limited (eg., by distance). For example, 
children living in the area could play 
onsite, and local residents could hunt or 
hike onsite. 

o 

o 

o Identify any site-specific population 
characteristics that might influence 
exposure. For example, if the site is 
located near major commercial or 
recreational fisheries or shellfisheries. 
the potentially exposed population 1s 
likely to eat more locally-caught fish and 
shellfish than populations located inland. 

Determine futnR land use. Determine if any 
activities associated with a current land use are 
likely to be different under an alternate future 
land use. For example, if ground water 1s not 
currently used in the area of the site as a source 
of drinking water but is of potable qualiry. future 
use of ground water as drinking water would be 
possible. Also determine if land use of the site 
itself could change in the future. For example, i f  
a site is currently classified as industrial, 
determine if it could possibly be used for 
residential or recreational purposes in the future. 

Because residential land use is most often 
associated with the greatest exposures. it is 
generally the most conservative choice to make 
when deciding what ype of alternate land use 
may OCCUT in the future. However, an assumption 
of future residential land use may not be 
justifiable if the probability that the site will 
support residential use in the future is exceedingly 
Small. 

Therefore, determine possile alternate future 
land uses based on available information and 
professional judgment. Evaluate pertinent 
information sources, including (as available): 

o master plans (aty or county projections 
of future land use); 

Bureau of the Census projections; and 

established land use trends in the general 
area and the area immediately 
surrounding the site (use Census Bureau 
or state or local reports, or use general 
historical accounts of the area). 

Note that while these sources provide potentially 
useful information, they should not be interpreted 
as providing proof that a certain land use will or 
will not occur. 

o 

B 

Assume future residential land use if it seems 
possible based on the evaluation of the available 
information. For example, if the site is currently 
industrial but is located near residential areas in 
an urban area, future residential land use may be 
a reasonable possibility. If the site is industrial 
and is located in a very rural area with a low 
population density and projected low growth, 
future residential use would probably be unlikely. 
In this case, a more likely alternate future land 
use may be recreational. At some sites, it may be 
most reasonable to assume that the land use will 
not change in the future. 

There are no hard-and-fast rules by which to 
determine alternate future land use. The use of 
professional judgment in this step is critical. 
sure to consult with the RPM about anv decision 
regarding alternate future land use. Support the 
selection of any alternate land use with a logical, 
reasonable argument in the exposure assessment 
chapter of the risk assessment repon Also 
include a qualitative statement of the likelihood 
of the future land use OaWring. 

Identi@ subpopulations of potential concern. 
Review information on the site area to determine 
if any subpopulations may be at increased risk 
from chemical exposures due to increased 
sensitivity, behavior patterns that may result in 
high exposure, and/or cumnt or past exposures 
from other sources. Subpopulations that may be 
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more sensitive to chemical exposures indude 
infants and children, elderly people, pregnant and 
nursing women, and people with chronic ilInesses. 
Those potentially at higher risk due to behavior 
patterns include children, who are more likely to 
contact soil, and persons who may eat large 
amounts of locally caught fish or locally grown 
produce (e.&, home-grown vegetables). 
Subpopulations at higher risk due to exposures 
from other sources indude individuals exposed to 
chemicals during occupational activities and 
individuals living in industrial areas. 

To identify subpopulations of potential 
concern in the site area, determine locations of 
schools, day care centers, hospitals, nursing homes, 
retirement communities, residential areas with 
children, important commercial or recreational 
fisheries near the site, and major industries 
potentially involving chemical exposures. Use 
local census data and information from local 
public health officials for this determination. 

63 STEP2: IDENTIFICATION 
OF EXPOSURE PATHWAYS 

This section describes an approach for 
identifying potential human exposure pathways at 
a Superfund site. An exposure pathway descriies 
the course a chemical or physical agent takes from 
the source to the exposed individual. An exposure 
pathway analysis links the sources, locations, and 
types of environmental releases with population 
locations and activity patterns to determine the 
significant pathways of human exposure. 

An exposure pathway generally consists of 
four elements: (1) a source and mechanism of 
chemical release, (2) a retention or transport 
medium (or media in cases involving media 
transfer of chemicals), (3) a point of potential 
human contact with the contaminated medium 
(referred to as the exposure point), and (4) an 
exposure route (e.g., ingestion) at the contact 
point A medium contaminated as a result of a 
past release can be a contaminant source for other 
media (e.g., soil contaminated from a previous 
spill could be a contaminant source for ground 
water or surface water). In some cases, the source 
itself (Le- a tank, contaminated soil) is the 
exposure point, without a release to any other 

medium. In these latter cases, an exposure 
pathway consists of (1) a source, (2) an exposure 
point, and (3) an exposure route. -%it 6 2  
illustrates the basic elements of each type of 
T u =  Pathway. 

The following sections describe the basic 
analytical process for identirying exposure 
pathways at Superfund sites and for selecting 
pathways for quantitative analysis. The pathway 
analysis described below is meant to be a 
qualitative evaluation of pertinent site and 
chemical information, and not a rigorous 
quantitative evaluation of facton such as source 
strength, release rates, and chemical fate and 
uanspon. Such factors are considered later in 
the exposure assessment during the quantitative 
determination of exposure concentrations (Section 
65). 

63.1 IDENTIFY SOURCES AND 
RECEMNGMEDIA 

To determine possible release sources for a 
site in the absence of remedial action, use all 
available site descriptions and data from the PA, 
SI, and RI reports. Identify potential release 
mechanisms and receiving media for past, current, 
and future releases. Exhibit 6-3 lists some typical 
release sources, release mechanisms, and receiving 
media at Superfund sites. Use monitoring data in 
conjunction with information on source locations 
to support the analysis of past, continuing, or 
threatened releases. For example, soil 
contamination near an old tank would suggest the 
tank (source) ruptured or leaked (release 
mechanism) to the ground (receiving media). Be 
sure to note any source that could be an exposure 
point m addition to a release source (cg., open 
barrels or tanks, surface waste piles or lagoons, 
contaminated soil). 

Map the suspected source areas and the 
extent of contamination using the available 
information and monitoring data. As an aid in 
evaluating air sources and releases, Volumes I and 
I1 of the National Technical Guidance Studies 
(NTGS; EPA 19#a,b) should be consulted. 
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EXPIPBIT 6-3 

COMMON CHEMICAL R E W E  SOURCES AT 
SITES IN THE ABSENCE OF REMEDIAL ACTION 

Receiving Release 
Medium Mechanism Release Source 

Air 

Surface water 

Ground water 

Soil 

Sediment 

Biota 

Volatilization 

Fugitive dust 
genera tion 

Surface runoff 

Episodic overland 
flow 
Ground-water 
SwpaP 

Leaching 

Leaching 

Surface runoff 
Episodic overland 
flow 

Fugitive dust 
generation/ 
deposition 

Tracking 

Surface runoff, 
Episodic overland 
flow 
Ground-water 
s-pagt 
Leaching 

Uptake 
(direct contact, 
ingestion, inhalation) 

Surface wastes - lagoons, 

Contaminated surface water 
Contaminated surface soil 
Contaminated wetlands 
Leaking drums 

Contaminated sprface soil 
Waste piles 

ponds, pits, spills 

Contaminated surface soil 

Lagoon overflow 
Spills, leaking containers 

Contaminated ground water 

Surface or buried wastes 
Contaminated soil 

Surface or buried wastes 

Contaminated surface soil 

Lagoon overtlow 
Spills, leaking containers 

Contaminated surface soil 
Waste piles 

Contaminated surface soil 

surface wastes - lagoons, 

contaminated surface soil 

Contaminated ground water 

Surface or buried wastes 
Contaminated soil 
cootaminated soil, surface 

water, sediment, ground 
water or air 

Other biota 

ponds,.pits, spills 
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633 EWALUA"E FATE AND TRANSPORT 
IN RELEASE MEDIA 

Evaluate the fate and transport of the 
chemicals to predict future exposures and to help 
link sources with currently contaminated media. 
The fate and transport ilILalysis conducted at this 
stage of the exposure assessment is not meant to 
result in a quantitative evaluation of media- 
specific chemical concentrations. Rather, the 
intent is to identify media that are receiving or 
may receive site-related chemicals. At this stage, 
the assessor should answer the questions: What 
chemicals OCCUT in the soufog at the site and in 
the environment? In what media (onsite and 
offsite) do they o c w  now? In what media and 
at what location may they OCCUT in the future? 
Screening-level analyses using available data and 
simplified calculations or analytical models may 
assist in this qualitative evaluation. 

After a chemical is released to the 
environment it may be: 

e 

0 

e 

0 

transported (e.&, convected downstream 
in water or on suspended sediment or 
through the atmosphere); 

physically transfomed (eg., volatilization, 
precipitation); 

chemically transformed (ag., photolysis, 
hydrolysis, oxidation, reduction, etc.); 

biologically transformed (e.g. 
biodegradation); and/or 

accumulated in one or more media 
(including the receiving medium). 

To determine the fate of the chemicals of 
potential concern at a particular site, obtain 
information on their physiCaUchemica1 and 
environmental fate properties. Use computer data 
bases (e+, SRCs Environmenpl Fate 
CHEMFATE, and BIODEG data bases; BIOSIS; 
AQUIRE) and the open literature as necessary 
as sources for up-to-date information on the 
physical/chemical and fate properties of the 
chemicals of potential concern. Exhibit 6-4 lists 
some important chemical-specific fate parameters 
and briefly descrii how these can be used to 
evaluate a chemical's environmental fate. 

Also consider site-specific characteristics 
(identified in Section 6.21) that may influence 
fate and tramport. For example, soil 
characteristics such as moisture content, organic 
carbon oontent, and cation exchange capacity can 
greatly influencz the movement of many chemicals. 
A high water table may increase the probability of 
leaching of chemicals in soil to ground water. 

Use all applicable chemical and site-specific 
information to evaluate transport within and 
bemeen media and retention or accumulation 
within a single medium. Use monitoring data to 
identify media that are contaminated now and the 
fate pathway anaiysis to identify media that may 
be contaminated now (for media not sampled) or 
in the future.. Exhiiit 6 5  presents some 
important questions to consider when developing 
these pathways. Exhiiit 6-6 presents a series of 
flow charts useful when evaluating the fate and 
transport of chemicals at a site. 

633 IDENTIFY EXPOSURE POINTS AND 
EXPOSURE ROUTES 

After contaminated or potentially. 
contaminated media have been identified, identify 
exposure points by determining if and where any 
of the potentially exposed populations (identified 
in Step 1) can contact these media. Consider 
population locations and activity patterns in the 
area, including those of subgroups that may be of 
particular concern. Any point of potential contact 
with a contaminated medium is an exposure point 
Try to identify those exposure points where the 
&centration that will be contacted is the 
greatest Therefore, consider including any 
contaminated media or sources onsite as a 
potential exposure point if the site is currently 
used, if access to the site under Current conditions 
is not restricted or otherwise limited (ag., by 
distance), or if contact is possible under an 
altemate future land use. For potential offSite 
exposures, the highest exposure concentrations 
often will be at the points closest to and 
downgradient or downwind of the site. In some 
cases, highest concentrations may be encountered 
at points distant from the site. For example, site- 
related chemicals may be transported and 
deposited in a distant water body where they may 
be subsequently biocancentrated by aquatic 
Organisms. 



provides a measure of the extent of chemical partitioning between organic carbon and water at 
eqoilibhm. The highertheK,, themore likelyachemical is tobindltosoil orsediment than to 
m a i n  m water. 

provides a soil or sediment-specific measure of the extent of chemical partitioning bet.rvccn soil 
or sediment and water, unadjusted for dependence upon o p  carbon. To adjust for the 
fractionoforganic~prrsentinsoilorJediment(~uscK, = i&xf,. Thehigherthe&, 
the more Iikly a chemical is to bind to soil or sediment than to remain in water. 

provides a measure of the edent of c h e m d  partitmnmg between mater and -01 at 
equilibrium. ThegreatertheK o1 the more WEelya chemical is to partition tooctanol than to 
remain in water. Octanol is used as a surrogate for lipids (fat), and K, can be used to predict 
bioancentration in aquatic organ~~ms 

Solnbilitg is an upper limit on a chemical's dissolved concentration in water at a specified temperature. 
Aqueous co~ntrations in exfes~ of solubility may indicate sorption onto sediments. the 
presence of solubilizing chemicals such as solvents, or the presence of a non-aqueous phase 
m i d  

Henry's Iaw Constant provides a measure of the extent of chemical partitioningbetween air and water at 
equilibrium. The higher the Henry's Law constant. the morr likely a chemical is to volatilize 
than to remain in the water. 

Vapor Pressure is the pressure exened by a chemical vapor in equilibnum with its solid or liquid form at 
any given tempera- It is used to calculate the rate of volatilization of a pure substance from a 
surface or in estimating a Henry's Law constant for chemicals with low water solubility. The 
higher the vapor pnssurr. the more likely a chemical is to exist in a &aseous state. 

D i i M t y  dcsaibes the movement of a molecule in a liquid or gas medium as a result of differences in 
concentration. It is used to calculate the disperswe component of chemical transport The 
higher the diffusMty. the more likely a chemical 18 to move in response to concentration 
gradients. 

Biocoocentration Factor 0 provides a measure of the extent of chemical partitioning at equilibrium 
b e e n  a biologrcai medium such as fish tissue or plant tissue and an m a l  medium such as 
water. The higher the BCF, the greater the accumulation in living tissue is likely to be. 

Media-specific Half-life provides a relatwe measure of the peaistence of a chemical in a giren medium, 
although actual values can vary greatly depending on ate-specific conditions. The greater the 
half-life. the more p i s t e n t  a chemical is Li ly  to be. 
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0 What are the principal mechanisms for change or removal in each of the environmental 
media? 

e How docs the chemical behave in air, water, soil, and biological media? Does it 
bioaccumulate or biodegrade? Is it absorbed o r  taken up by plants? 

e Does the agent react with other compounds in the environment? 

D Is there intermedia transfer? What are the mechanisms for intermedia transfer? What 
are the rates of the intermedia transfer or reaction mechanism? 

o How long might the chemical remain in each environmental medium? How does its 
concentration change with time in each medium? 

o What are the products into which the agent might degrade o r  change in the environment? 
Are these lproducts potentially of concern? 

o Is a steady-state concentration distribution in the environment or in specific segments of 
the environment achieved? 
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EXHIBIT 6-6 
FLOW CHART FOR 

FATE AND TRANSPORT ASSESSMENTS 

Contaminant Release 

w 
Contaminants 

of Contaminants to 
Plants or Animals 

In these Media 

Ideirtify 
Populations 

Directly Exposed 
to Atmosphk  
COlWlUlliMlltS 

Potcatially 

Water? 

ConridorTmasfer 

Sourte: A&p&d&m EPA 19883. 

- -  
(contimed) 
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EaVLOamCotal fate and transport mwssmuk rudoec water sod sediment 

Contaminant Release 

Soorrar: M l i Q n r  EPA I988b. 



Eminwmmtal fate and transpon assessment: soils and ground water 

Conraminant Release 

ReIease to C r o d  
Water Beneath Site 

Release to Soils at or 

Ground Water Flow Using 
Available Hydrogeologic Data 
or by These Will Ap- 
proximate Surface Topography 

Could 

Porentialty 

I 
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mow CHART FOR 
FATE AND 'FRAWSPORT ASSESSMENTS 

Ground surtace 10 Allow 
Direct uptake of contami- 
med Ground Water by 

-- 
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After determining exposure points, iden- 
probable exposure routes (i-e., ingestion, 
inhalation, dermal contact) based on the media 
contaminated and the anticipated activities at the 
exposure points. In some instances, an exposure 
point may exist but an exposure route may not 
(ag., a person touches contaminated soil but is 
wearing gloves). Exhibit 6-7 presents a 
populatiodexposure route matrix that can be used 
in determining potential exposure routes at a site. 

6.3.4 INTEGRATE INFORMATION ON 
SOURCES, RELEASES, FATE AND 
TRANSPORT, EXPOSURE POINTS, 
AND EXPOSURE ROUTES INTO 
EXPOSURE PATHWAYS 

Assemble the information developed in the 
previous fhree steps and determine the complete 
exposure pathways that exist for the site. A 
pathway is complete if there is (1) a source or 
chemical1 release from a source, (2) an exposure 
point where contact can occur. and (3) an 
exposure route by which contact can occur. 
Otherwise, the pathway is incomplete, such as the 
situation where there is a source releasing to air 
but there are no nearby people. If available from 
ATSDR, human monitoring data indicating 
chemical accumulation or chemical-related effects 
in the site area can be used as evldence to 
support conclusions about which exposure 
pathways are complete; however, negative data 
from such studies should not be used to conclude 
that a pathway is incomplete. 

From all complete exposure pathways at a 
site, select those pathways that will be evaluated 
further in the exposure assessment. If exposure 
to a sensitive subpopulation is possible, select that 
pathway for quantitative evaluation. All pathways 
should be selected for further evaluation unless 
there is sound justification (e.g., based on the 
results of a screening analysis) to eliminate a 
pathway from detailed analysis. Such a 
justification could be based on one of the 
following: 

e the exposure resulting from the pathway 
is much less than that from another 
pathway involving the same medium at 
the same exposure point; 
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the potential magnitude of exposare 
from a pathway is low; or 

e 

e the probability of the exposure occurring 
is very low and the risks associated with 
the occurrence are not high (ii a 
pathway has catastrophic consequences, 
it should be selected for evaluation even 
if its probability of occurrence is very 
low). 

Use professional judgment and experience to 
make these decisions. Before decidine to exclude 
a mthwav from auantitative analysis . . consult with 
the RPM. If a pathway is excluded from further 
analysis, clearly document the reasons for the 
decision in the exposure assessment section of the 
risk assessment report. 

For some complete pathways it may not be 
possible to quantlfy exposures in the subsequent 
steps of the analysis because of a lack of data on 
which to base estimates of chemical release, 
environmental concentration, or human intake. 
Available modeling results should complement and 
supplement the available monitoring data to 
minimize such problems. However, uncertainties 
associated with the modeling results may be too 
large to justify quantitative exposure assessment 
in the absence of monitoring data to validate the 
modeling results. These pathways should 
nevertheless be camed through the exposure 
assessment so that risks can be qualitatively 
evaluated or so that this information can be 
considered during the uncertainty analysis of the 
results of the exposure assessment (see Section 
6.8) and the risk assessment (see Chapter 8). 

63.5 STJMMARIZE INFORMATION ON 
ALL COMPLETE EXPOSURE 
PATHWAYS 

Summarize pertinent information on all 
complete exposure pathways at the site by 
identifying potentially exposed populations, 
exposure media, e3cposure points, and exposure 
routes. Also note if the pathway has been 
selected for quantitative evaluation; summarite the 
justification if a pathway has been excluded. 
Summarize pathways for cunent land use and any 
alternate future land use separately. This 
summary information is useful for defining the 
"ope of the next step (qunntification of eacpusure) 
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and also is useful as documentation of the 
expasure pathway analysis. W i i t  6-8 provides 
a sample format for presenting this information. 

6.4 sFEp3: QUANIIFICAmON 
OF EXPOSURE: GENERAL 
CONSIDERATIONS 

The next step in the exposure assessment 
process is to quantify the magnitude, frequency 
and duration of exposure for the populations and 
exposure pathways selected for quantitative 
evaluation. This step is most often conducted in 
IWO stages: first, exposure concentrations are 
estimated, then, pathway-specific intakes are 
quantified. The specific methodology for 
calculating exposure concentrations and pathway- 
specific exposures are presented in Sections 6.5 
and 6.6, respectively. This section describes some 
of the basic concepts behind these processes. 

6.4.1 QUANTIFWUG THE REASONABLE 
lMAxmuM EXPOSURE 

Exposure is defined as the contact of an 
organism with a chemical or physical agent. If 
exposure occurs over time, the total exposure can 
be divided by a time period of interest to obtain 
an average exposure rate per unit time. Thls 
average exposure rate also can be expressed as a 
function of body weight. For the purposes of thls 
manual, exposure normalized for time and body 
weight is termed "intake", and is expressed in units 
of mg chemicalkg body weight-day. 

Exhibit 6-9 presents a generic equation for 
calculating chemical intakes and defines the inlake 
variables. There are three categories of vanables 
that are used to estimate intake: 

(1) chemical-related variable -- exposure 
concentration; 

(2) variables that describe the exposed 
population - antas rate, exposure 
frequency and duration, and body weighs 
and 

(3) assessmentdetemined variable - 
averaging time. 

Each intake variable in the equation has a 

assessments. intake variable values for a eiven 
pathwav should be selected so that the 
combination of all intake variables results in an 
eStimate of the reasonable maximm scoosure for 
that mthway. As defined previously, the 
RasoMble maximum exposure (RME) is the 

expoSW that reasOMb@ e x p a d  to 
occur at a site. Under this approach, some intake 
variables may not be at their individual maximum 
values but when in combination with other 
variables will result in estimates of the RME 
Some recommendations for determining the values 
of the individual intake variables are discussed 
below. These recommendations are based on 
EPA's determination of what would result in an 
estimate of the RME As discussed previously, a 
determination of "reasonable" cannot be based 
solely on quantitative information, but also 
requires the use of professional judgment. 
Aaprdingly, the recommendations below are based 
on a combination of quantitative information and 
professional judgment. These are general 
recommendations, however, and could change 
based on site-specific information or the particular 
needs of the risk manager. Consult with the RPM 
before varying from these recommendations. 

range of values. For S u e  d e m o s  U E  

Exposure concentration. The concentration 
term in the intake equation is the arithmetic 
average of the concentration that is contacted over 
the exposure period. Although this concentration 
does not reflect the maximum concentration that 
could be contacted at any one time, it is regarded 
as a reasonable estimate of the concentration 
likely to be contaaed over time. This is because 
in most situations, assuming long-term contact 
with the maximum amcentration is not 
reasonable. (For exceptions to this generalization, 
see discussion of hot spots in Section 6.53.) 

Because of the unoertaintv associated with 
anv estimate of ~XDOS ure concentration. the upper 
confidence limit (ic. the 95 Dercent UDW 
confidence limit) on the arithmetic averape will be 
used for this variable. There are standard 
statistical methods which can be used to calculate 
the upper confidence limit on the arithmetic 
mean. Gilbert (1987, particularly sections 11.6 
and 13-2) discusses methods that can be applied 
to data that are dismiuted normally or log 
normally. Kriging is another method that 
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I = iotakc; the amount of chemical at the exchoge bunday 
(m%kg bodyweight-day) 

C = chemical concentration; the average concentration contacted 
over the exposure period (e.&, mg/liter water) 

CR = contact rate; the amount of contaminated medium Contacted 
per unit time or event (e.g., liters/day) 

EFQ = exposure frequency and duration; describes how 10- and haw 
ofteo exposure occurs. Often calculated using two terms 
(EF and ED): 

EF = exposure frequency (daydyear) 

ED = exposureduration(yean) 

BW = body weight; the average body weight over the exposure period 
0 

AT = averaging time: period over which expostlrc is averaged (days) 



potentially can be used (Clark 1979 is one of 
several reference books on kriging). A statistician 
should be consulted for more details or for 
assistance with specific methods. 

If there is great variability in measured or 
modeled concentration values (such as when too 
few samples are taken or when model inputs are 
uncertain), the upper confidence limit on the 
average concentration will be high, and 
conceivably could be above the maximum detected 
or modeled value. In these cases. the maximum 
detected or modeled value should be used to 
estimate exposure concentrations. This could be 
regarded by some as too conservative an estimate, 
but given the uncertainty in the data in these 
situations, this approach is regarded as reasonable. 

For some sites, where a screening level 
analysis is regarded as sufficient to characterize 
potential exposures, calculation of the upper 
confidence limit on the arithmetic average is not 
required. In these cases, the maximum detected 
or modeled concentration should be used as the 
exposure concentration. 

Contact rate. Contact rate reflects the 
amount of contaminated medium contacted per 
unit time or event. If statistical data are available 
for a contact rate, use the 95th percentile value 
for this variable. (In this case and throughout this 
chapter, the 90th percentile value can  be used if 
the 95th percentile value is not available.) If 
statistical data are not available, professional 
judgment should be used to estimate a value 
which approximates the 95th percentile value. (It 
is recognized that such estimates will not be 
precise. They should, however, reflect a 
reasonable estimate of an upper-bound value.) 

Sometimes several separate terms are used to 
derive an estimate of contact rate. For example, 
for dermal contact with chemicals in water, 
contact rate is estimated by combining information 
on exposed skin surface area, dennal permeability 
of a chemical, and exposure time. In such 
instances, the combination of variables used to 
estimate intake should result in an estimate 
approximating the 95th percentile value. 
Professional judgment will be needed to determine 
the appropriate combinations of variables. (More 
spedfic guidance for determining contact rate for 
various pathways is given in Section 6.6.) 

Exposure frequency and duration. Exposure 
frequency and duration are used to estimate the 
totall time of exposure. These terms are 
determined on a site-specific basis. 1If statistical 
data are available, use the 95th percentile value 
for exposure time. In the absence of statistical 
data (which is usually the case), use reasonable 
conservative estimates of exposure time. National 
statistics are available on the upper-bound (90th 
percentile) and average (50th percentile) number 
of years spent by individuals at one residence 
(EPA 1989d). Because of the data on which they 
are based, these hues may underestimate the 
actual time that someone might live in one 
residence. Nevertheless, the upper-bound value of 
30 years can be used for exposure duration when 
calculating reasonable maximum residential 
exposures. In some cases, however, lifetime 
exposure (70 years by convention) may be a more 
appropriate assumption. Consult with the RPM 
regarding the appropriate exposure duration for 
residential exposures. The exposure frequency and 
duration selected must be appropriate for the 
contact rate selected. If a long-term average 
contact rate (e.g.. daily fish ingestion rate averaged 
Over a year) is used, then a daily exposure 
frequency (i.% 365 days&ear) should be assumed. 

Body weight. The value for body weight is 
the average body weight Over the exposure period. 
If exposure occurs only during childhood years, 
the average child body weight during the exposure 
period should be used to estimate intake. For 
some lpathwajs, such as soill ingestion, exposure 
can occur throughout the lifetime but the majority 
of exposure occurs during childhood (because of 
higher contact rates). In these cases, exposures 
should be calculated separately for age groups 
with similar contact rate to body weight ratios; the 
body weight used in the intake calculation for 
each age group is the average body weight for that 
age group. Lifetime exposure is then calculated 
by taking the time-weighted average of exposure 
estimates over all age groups. For pathways 
where contact rate to body weight ratios are fairly 
constant over a lifetime (e.&, drinking water 
ingestion), a body weight of 70 kg is used, 

A constant body weight over the period of 
exposure is used primarily by convention, but also 
because body weight is not always independent of 
the other variables in the exposure equation (most 
notably, intake). By keeping body weight 
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amstant, error from this dependence is minhkd .  
The average body weight is used because, when 
combined with the other variable values in the 
intake equation, it is believed to result m the best 
estimate of the RME. For arample, combining a 
95th percentile contact rate with a 5th percentile 
body weight is not considered reasonable because 
it is unlikely that smallest person would have the 
highest intake. Alternatively, combining a 95th 
percentile intake with a 95th pemntile body 
weight is not Considered a maximum because a 
smaller person codd have a higher contact rate to 
body weight ratio. 

~ v e m g i q  h e .  The averaging time selected 
depends on the type of toxic effect being assessed 
When evaluating exposures to developmental 
toxicants, intakes are calculated by averaging ovef 
the exposure event (e.&, a day or a single 
exposure incident). For acute toxicants, intakes 
are calculated by averaging over the shortest 
exposure period that could produce an e@X, 
usually an exposure event or a day. When 
evaluating longer-term exposure to 
noncarcinogenic toxicants, intaka are calculated 
by averaging intakes over the ,period of exposure 
(i.e., subchronic or chronic daily intakes). For 
carcinogens, intakes are calculated by prorating 
the total cumulative dose over a lifetime (Le., 
chronic daily intakes, also called lifetime average 
daily intake). This distinction relates to the 
currently held scientific opinion that the 
mechanism of action for each cate,Jry is different 
(see Chapter 7 for a discussion). The approach 
for carcinogens is based on the assumption that 
a high dose received over a short period of time 
is equivalent to a corresponding low dose spread 
over a lifetime (EPA 1986b). This approach 
becomes problematic as the exposures in question 
become more intense but less frequent, espeaally 
when there is evidence that the agent has shown 
dose-rate related carcinogenic effects. In some 
cases, therefore, it may be neceSSary to consult a 

associated with the srposure assessment for 
carcinogens. The discussion of uncertainty should 
be included in both the exposure assessment and 
risk characterization chapters of the risk 
assessment report. 

toxicologist to assess the level of uncertainty 

TIMING CQNSIDERAIIQNS 

At many Superfund sites, long-term exposure 
to relatively low chemical concentrations (Le, 

some situations, however, shorter-term expqures 

important. When deciding whether to evaluate 
short-term exposure, the following factors should 
be considered: 

chronic daily intakes) are of greatest c o r n .  In 

(e.& subchronic daily intakes) also may be 

o the toxicological characteristics of the 
chemicals of ,potential concern; 

m the occarrence of high chemical 
concentrations or the potential for a 
large release; 

o persistence of the chemical in the 
environment; and 

o the characteristics of the population that 
influence the duration of exposure. 

Toxicity considerations. Some chemicals can 
produce an effect after a single or very short-term 
exposure to relatively low concentrations. These 
chemicals include acute toxicants such as skin 
irritants and neurological poisons, and 
developmental toxicants. At sites where these 
types of chemicals are present, it is important to 
assess exposure for the shortest t me period that 
could result in an effect For acute toxicants this 
is usually a single exposure event or a day, 
although multiple exposures over several days also 
could result in an effect For developmental 
toxicants, the time period of concern is the 
exposure event. This is based on the assumption 
that a single exposure at the critical time in 
development is sufficient to produce an adverse 
effect It should be noted that the critical time 
referred to can occur in almost any segment of 
the human population (Le., fertile men and 
women, the conceptus, and the child up to the age 
of sexual maturation P A  19892)). 

concmtration considerations. W Y  
chemicals can produce an effect after a single or 
very short-term exposure, but only if arposare is 
to a relatively high ConCeLItration. Therefore, it 
is important that the assessor identify possible 
situations where a short-term e~rposure to a high 
concentration could occur. Examples of such a 



Situation include sites where contau with a small, 
but highly antaminated area is possible (e.&, a 
source or a hot spot), or sites where there is a 
potential for a large chemical release (e.&, 
explosions, ruptured drums, breached lagoon 
dikes). Expasure should be determined for the 
shortest peaiod of time that could produce an 
effect 

Persistence considerations. Some chemicals 
may degrade rapidly in the environment. In these 
cases, exposares should be assessed only for that 
period of time in which the chemical will be 
present at the site. Exposure assessments in these 
situations may need to include evaluations of 
exposure to the breawown products, if they are 
persistent or toxic at the levels predicted to occur 
at the site. 

Population considerations. At some sites, 
population activities are such that exposure would 
occur only for a short time period (a few weeks 
or months), infmpently, or intermittently. 
Examples of this would be seasonal exposures 
such as during vacations or other recreational 
activities. The period of time Over which 
exposures are averaged in these instances depends 
on the type of toxic effect being assessed (see 
previous discussion on averaging time, Section 
6.4.1). 

6.5 QUAIWIFICATION OF 

TION OF EWQSURE 
CONCENTRATIONS 

EXPOSUWE: DETERhaPNA- 

This section descriies the basic approaches 
and methodology for determining exposure 
concentrations of the chemicals of potential 
concern in different environmental media using 
available monitoring data and appropriate models. 
As discussed in Section 6.4.1, the concentration 
term in the exposure equation is the average 
concentration contacted at the exposure point or 
points over the exposure period. When estimating 
exposure concentrations, the objective is to 
provide a conservative estimate of this average 
concentration (e.&, the 95 percent upper 
confidence limit on the arithmetic mean chemical 
concentration). 

This section provides an Overview of the basic 
concepts and approaches for estimating exposure 
concentrations. It identilies what type of 
infbrmation is needed to estimate concentrations, 
where to find it, and how to interpret and use it. 
This section is not designed to provide all the 
information necessary to derive exposure 
concentrations and, therefore, does not detail the 
specrfics of potentially applicable models nor 
provide the data necessary to run the models or 
support concentration estimates. However, 
sources of such information, including the 
Su@nd Erpchnue h m e n t  Manual (SEAM, 
EPA 1988b) are referenced throughout the 
discussion. 

65.1 GENERAL CONSIDERATIONS FOR 
ESTIMATING EXPOSURE 
CONCENTRATIONS 

In general, a great deal of professional 
judgment is required to estimate exposure 
concentrations. Exposure concentrations may be 
estimated by (1) using monitoring data alone, or 
(2) using a combination of monitoring data.and 
environmental fate and transport models. In most 
exposure assessments, 'some combination of 
monitoring data and environmental modeling will 
lbe required to estimate exposure concentrations. 

Direct use of monitoring data. Use of 
monitoring data to estimate expasure 
concentrations is normally applicable where 
exposure involves direct contact with the 
monitored medium (e.g., direct contact with 
chemicals in soil or sediment), or in cases where 
monitoring has occurred directly at an exposure 
point (e.g., a residential drinking water well or 
public water supply). For these exposure 
pathways, monitoring data generally provide the 
best estimate of ament acposure concentrations. 

As the first step in estimating exposure 
concentrations, summarize available monitoring 
data. The manner in which the data are 
S l l l l l m a f l z e d  depends upon the site characteristics 
and the pathways being evaluated. It may be 
necessary to divide chemical data from a particular 
medium into subgroups based on the location of 
sample points and the potential exposure 
pathways. In other instances, as when the 
sampling point is an exposure point (cg., when 
the sample is from an existing drinking water well) 
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it may not be appropriate to group samples at all, 
but may be most appropriate to treat the sample 
data separately when estimating intakes. Still, in 
other instance$, the assessor may wish to use the 
maximum concentration from a medium as the 
exposure concentration for a given pathway as a 
screening approach to place an upper bound on 
exposure. In these cases it is important to 
remember that if a screenine level aooroach 
sugeests a uotential health concern. the estimates 
of acDosure should be modified to reflect more 
probable sews ure conditions. 

In those instances where it is appropriate to 
group Sampling data from a particular medium, 
calculate for each exposure medium and each 
chemical the 95 percent upper confidence limit on 
the arithmetic average chemical concentration. 
See Chapter 5 for guidance on how to treat 
sample concentrations below the quantitation 
limit. 

Modeling approaches. In some instances, it 
may not be appropriate to use monitoring data 
alone, and fate and transport models may be 
required to estimate exposure concentrations. 
Specific instances where monitoring data alone 
may not be adequate are as follows. 

e Where exuosure mints are sDatiallv 
separate from monitoring Doints. 
Models may be required when exposure 
points are remote from sources of 
contamination if mechanisms for release 
and transport to exposure points exist 
(e.g., ground-water transport, air 
dispersion). 

e Where temporal distribution of data is 
lacking. Typically, data from Superfund 
investigations are collected over a 
relatively short period of time. This 
generally wil l  give a clear indication of 
current site conditions, but both long- 
term and short-term exposure estimates 
usually are required in Superfund 
exposure assessments. Although there 
may be situations where it is reasonable 
to assume that concentrations will 
remain constant over a long period of 
time, in many cases the time span of the 
monitoring data is not adequate to 
predict future exposure concentrations. 

Environmental models may be required 
to make these predictions. 

0 Where monitoring data are restricted by 
the limit of auantitation. Environmental 
models may be needed to predict 
concentrations of contaminants that may 
be present at concentrations that are 
below the quantitation limit but that may 
still cause toxic effects (even at such low 
concentrations). For example, in the 
case of a ground-water plume discharging 
into a river, the dilution afforded by the 
river may be sufficient to reduce the 
concentration of the chemical to a level 
that could not be detected by direct 
monitoring. However, as discussed in 
Section 5.3.1, the chemicaI may be 
sufficiently toxic or bioaccumulative that 
it could present a health risk at 
concentrations below the limit of 
quantitation. Models may be required 
to make exposure estimates in these 
types of situations. 

A wide variety of models are available for 
use in exposure assessments. SEAM (EPA 1988b) 
and the Erposure Assessment Methods Handbook 
(EPA 198q describe some of the models 
available and provide guidance in selecting 
appropriate modeling techniques. Also, the 
Center for Exposure Assessment Modelkg 
(CEAM -- Environmental Research Laboratory 
(ERL) Athens), the Source Receptor Analysis 
Branch (Office of Air Quality Planning and 
Standards, or OAQPS), and modelers in EPA 
regional offices can provide assistance in selecting 
appropriate models. Finally, Volume IV of the 
NTGS (EPA 1989c) provides guidance for air and 
atmospheric dispersion modeling for Superfund 
sites. Be sure to discuss the fate and transport 
models to be used in the exposure assessment with 
the RPM. 

The level of effort to be expended in 
estimating exposure concentrations will depend on 
the type and quantity of data available, the level 
of detail required in the assessment, and the 
resources amilable for the assessment. In general, 
estimating eJcposure concentrations will involve 
analysis of site monitoring data and application of 
simple, screening-level analytical models. The 
most important factor in determining the level of 



effort will be the quantity and quality of the 
available data. In general, larger data seu will 
support the use of more sophisticated models. 

values, the assessor must consider if a 
reliable exponve concentration estimate 
canbemade. 

Other considerations. When evaluating 
chemical contamination at a site, it is important 
to review the spatial distribution of the data and 
evaluate it in ways that have the most relevance 
to the pathway being assessed. In shon, consider 
where the contamination is with respect to known 
or anticipated population activity patterns. Maps 
of both concentration distribution and aaiviry 
patterns will be useful for the exposure 
assessment. It is the intersection of aalvlty 
patterns and contamination that defines an 
exposure area Data from random sampling or 
from systematic grid pattern sampling may be 
more representative of a given expasure pathway 
than data collected only from hot spots. 

Generally, veriiied GUMS laboratory data 
with adequate quality control will be required to 
support quantitative exposure assessment Field 
screening data generally cannot be incorporated 
when estimating exposure concentrations because 
they are derived using less sensitive' analytical 
methods and are subjea to less stringent quality 
control. 

Other areas to be considered in estimating 
exposure concentrations are as follows. 

e Steadv-state vs. non-steadv-state 
conditions. Frequently, it may be 
necessary to assume steady-state 
conditions because the information 
required to estimate non-steady-state 
conditions (such as source depletion 
rate) is not readily available. This is 
likely to overestimate long-term acposure 
concentrations for certain pathways. 

e NumberandtvDeofexoosurewvam eters 
that must be assumed. In developing 
exposure models, values for sirespeak 
parameters such as hydraulic 
conductivity, organic carbon content of 
soil, wind speed and direction, and soil 
type may be required. These values may 
be generated as part of the RL In cases 
where these values are not available, 
literature values may be substituted. In 
the absence of applicable literature 

a Numberand me of fate DrOceSSeS to 
be considered. In some cases, exposure 
modeling may be limited to 
considerations of mass balance, dilution, 
dispersion, and equilibrium partitioning. 
In other cases, models of more complex 
fate processes, such as chemical reaction, 
biodegradation, and photolysis may be 
needed. However, prediction of such 
fate processes requires significantly larger 
quantities of model caliiration and 
validation data than required for less 
complex fate p'ocesses. For those sites 
where these more complex fate processes 
need to be modeled, be sure to consult 
with the EWM regarding the added data 
requirements. 

6 5 2  ESTIMATEEXPOSURE 
CONCENTRATIONS IN GROUND 
WATER 

Exposure concentrations in ground water can 
be based on monitoring data alone or on a 
combination of monitoring and modeling. In 
some o~ses, the exposure 8ssessor may favor the 
use of monitoring data over the use of complex 
models to develop exposure concentrations. It is 
most appropriate to use ground-water sampling 
data as estimates of exposure concentrations when 
the sampling points correspond to exposure 
points, such as samples taken from a drinking 
water tap. However, samples taken directly from 
a domestic well or drinking water tap should be 
interpreted cautiously. For example, where the 
water is acidic, inorganic chemicals such as lead 
or copper may leach from the distribution system. 
Organic chemicals such as phthalates may migrate 
into water from plastic piping. Therefore, 
mterpretations of these data should consider the 
type and operation of the pumping, storage, and 
distribution system involved. 

Most of the time, data from monitoring wells 
will be used to estimate chemical concentrations 
at the exposure point. &seral issues should be 
considered when using monitoring well data to 
estimate these concentrations. Fmt, determine if 
the aquifer has sufiicient production capacity and 
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is of sufliaent quality to support drinking water 
or other uses. If so, it generally should be 
assumed that water could be drawn from anywhere 
in the aquifer, regardless of the location of 
existing wells relative to the contaminant plume. 
In a few situations, Jmwer, it may not be 
reasonable to assume that water will be drawn 
from directly beneath a specific source (e.&, a 
waste management unit such as a laam) in the 
future. In these cases, it should be assumed that 
water could be drawn from directly adjacent to the 
source. Selection of the lmtion(s) used to 
evaluate future ground-water srposares should be 
made in consultation with the RPM. Second, 
compare the construction of wells (eg., driaking 
water wells) in the area with the cmmuction of 
the monitoring wells. For example, drinking water 
wells may draw water from more than one aquifer, 
whereas individual monitoring wells are usually 
screened in a specific aquifer. In some cases it 
may be appropriate to separate data from two 
aquifers that have very limited hydraulic 
connection if drinking water wells in the area 
draw water from only one of them. Consult a 
hydrogeologist for assistance in the above 
considerations. 

Another issue to consider is filvation of 
water samples. While filtration of ground-water 
samples provides useful information for 
understanding chemical transport within an aquifer 
(see Section 4 5 3  for more details), the use of 
filtered samples for estimating exposure is very 
controversial because these data may 
underestimate chemical concentrations in water 
from an unfiltered tap. Therefore, data from 
unfiltered samples should be used to estimate 
exposure concenaationS. consalt with the RPM 
before usine data from filtered samoles. 

Ground-water monitoring data are often of 
limited use for evaluating long-term exposure 
concentrations because they are generally 
representative of current site conditions and not 
long-term trends. Therefore, ground-water models 
may be needed to estimate exposure 
concentrations. Monitoring data should be used 
when possible to cali i te the models. 

EstimatingarposurecoDcentations in ground 
water using models can be a complex task -use 
of the many physical and chemical pmcesses that 
mayaffectaansportandtransformationinground 

water. Among the important mechanisms that 
should be considered when estimating exposure 
concentrations in ground water are leaching from 
the surface, advection (including infiltration, flow 
through the unsaturated sone, and flow with 
ground water), dispersion, sorption (including 
adsorption, desorption, and ion exchange), and 
transformation (including biological degradation, 
hydrolysis, oxidation, reduction, complexation, 
dissolution, and precipitation). Another 
consideration is that not all’ chemicals may be 
dissolved in water, but may be present instead in 
nonaqueous phases that float on top of ground 
water or sink to the bottom of the aquifer. 

The proper selection and application of soil 
and ground-water models requires a thorough 
understanding of the physical, chemical, and 
hydrogeologic characteristics of the site. SEAM 
(EPA 1988b) provides a discussion of the factors 
controlling mil and ground-water contaminant 
migration as well as descriptions of various soil 
and ground-water models. For more in-depth 
guidance on the selection and application of 
appropriate ground-water models, consult 
Selecnbn ctiteria for Made& Used in 
Ejposute Ass-: Ground-water ModeLr (EPA 
1988c). As with all modeling, the assessor should 
carefully evaluate the applicability of the model to 
the site being evaluated, and should consult with 
a hydrogeologist as necessary. 

If ground-water modeling is not used, current 
concentrations can ibe used to represent future 
concentrations in ground water assuming steady- 
state conditions. This assumption should be noted 
in the exposure assessment chapter and in the 
uncertainties and conclusions of the risk 
assessment 

6.53 EsTlMATEEXPOSURE 
CONCENTRATIONS IN SOIL 

Estimates of cmrent exposure concentrations 
in soil can be based directly on summarid 
monitoring data if it is assumed that 
concentrations remain constant over time. Such 
an assumption may not be appropriate for some 
chemicals and some sites where kachhg, 
voIatiliution, photolysis, biodegradation, wind 
erosion, and surface runoff Win reduce chemical 
concentrations over time. Soil monitoring data 
and site conditions shwId be eafefpnJscreened to 
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identify situations where source depletion is likely 
to be important. SEAM @PA 1988b) gives 
steady-state equations for estimating many of these 
processes. However,incorporatingtheseprocesses 
into the calculation of e3cposure amentrations for 
soil involves considerable effort. If a modeling 
approach is not adopted in these situations, 
assume a constant concentration over time and 
base exposure conceatrations on monitoring data. 
This assumption should be clearly documented. 

In evaluating monitoring data for the 
assessment of soil mtaa exposures, the spatial 
distribution of the data is a critical factor. The 
spatial dism%ution of soil contamination can be 
used as a basis for estimating the average 
concentrations contacted over time if it is assumed 
that contact with soil is spatially random (Le., if 
contact with soil in all areas of the site is equally 
probable). Data from random sampling programs 
or samples from evenly spaced grid networks 
generally can be considered as representative of 
amcentrations across the site. At many sites 
however, sampling programs are designed to 
characterize only oMously contaminated soils or 
hot spot areas. Care must be taken in evaluating 
such data sets for estimating exposure 
concentrations. Samples from areas where direct 
contact is not realistic (such as where a steep 
slope or thick vegetation prevents aurent access) 
should not be considered when estimating current 
exposure concentrations for direct contact 
pathways. Similarly, the depth of the sample 
should be considered; sutface soil samples should 
be evaluated separately from subsurhce samples 
if d i r a  contact with surface soil or inhalation of 
wind blown dust are potential exposure pathways 
at the site. 

In some cases, contamination may be 
unevenly distributed across a site, resulting in hot 
spots (areas of high contamination relative to 
other areas of the site). If a hot spot is located 
peaf an area which, beciruse of site or populauion 
characteristics, is visited or used more frequently, 
exposure to the hot spot should be Bssessed 
separate@. The area over which the activity is 
expeaed to occur should be considered when 
avemging the monitoring data for a hot spot For 
example, averagingsoil data over an area the size 
of a residential badryard (e.& an eighth of an 
acre) may be mast appropriare for evaluating 
m a p a t h w a g s .  

65.4 ESTIMATEEXPOSURE 
CONCENTRATIONS IN AIR 

There are three general approaches to 
estimating v u r e  concentrations in air: (I) 
ambient air monitoring, (2) emission 
measurements coupled with dispersion modeling, 
and (3) emission modeling coupled with dispersion 
modeling. Whichever approach is used, the 
resulting exposure concentrations should be as 
representative as possible of the spedic exposure 
pathways being evaluated. If long-term exposures 
are being evaluated, the exposure concentrations 
should be representative of long-term averages. 
If short-term scposures are of interest, measured 
or modeled peak concentrations may be most 
representative. 

If monitoring data have been collected at a 
site, their adequacy for use in a risk assessment 
should be evaluated by considering how 
appropriate they are for the exposures being 
addressed Volume II of the NTGS (EPA 1989b) 
provides guidance for measuring emissions and 
should be consulted when evaluating the 
appropriateness of emission data. See Chapter 4 
(section 455) for factors to consider when 
evaluating the appropriateness of ambient air 
monitoring data. As long as there are no 
signifiolat analyticai problems affecting air 
sampling data, background levels are not 
sigmficantly higher than potential site-related 
levels, and site-related levels are not below the 
instrument detection limit, air monitoring data can 
be used to derive exposure concentrations. There 
still will be uncertainties inherent in using these 
data because they usually are not representative 
of actual long-term average air concentrations. 
This may be because there were only a few sample 
collection periods, samples were collected during 
only one type of memrological or climatic 
condition, or because the source of the chemicals 
willchangeovertime. Theseuncertarn ties should 
be mentioned in the risk assessment. 

In the absence of mnitoring data, expame 
concentrations often can be estimated using 
models. lbo kinds of models are used to 
estimate air concentrations: emission models that 

released into the air- asource,and dispersion 

air at potential receptor points. 

predict the rate aI which chemicals may be 

models that predia Llssociated concen-ns in 
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O d ~ a i r n n d e i Q a a b  EmissionsmayocepT 
as a result of the volatilization of chemicals from 
amtaminated media or as a result of the 
suspension of onsite soils. Models that predrct 
emission rates for volatile chemicals or dust 
require numerous input parameters, many of 
which are sitespecilk For volatile chemicals, 
emission models for surface water and soil are 
available in SEAM (EPA 1988b). Volume IV of 
the NTGS (EPA 1989c) also provides guidance for 
evaluating volatile emissions at Superfund sites. 
Emissions due to suspension of soils may result 
from wind erosion of exposed soil particles and 
from vehicular disturbances of the soil. To 
predict soil or dust emissions, =A’s fugitive dust 
models provided in Ap42 (EF’A 198Sb) or models 
described in SEAM (1988b) may be used 
Volume N of the NTGS (EPA 1989c) also will 
be useful m evaluating fugitive dust emissions at 
Superfund sites. Be sure to critically review all 
models before use to determine their applicability 
to the situation and site being evaluated. If 
neassary, consult with air modelers in EPA 
regional offices, the Exposure Assessment Group 
in EPA headquarters or the Source Receptor 
Analysis Branch in OAQPS. 

After emissions have been estimated or 
measured, air dispersion models can be applied to 
estimate air concentrations at receptor pointr In 
choosing a dispersion model, factors that must be 
considered include the type of so- and the 
location of the receptor relative to the source. 
For area or point sources, =A’s Industrial Source 
Complex model (EPA 1987a) or the simple 

(EPA 1988b) can provide air concentrations 
around the source. Other models can be found 
in Volume IV of the NTGS (EPA 1989~). The 
Source Receptor Analysis Branch of OAQPS also 
can be contacted for assistance. Again, critically 
review all models for their applicability. 

Gaussian dispersion models discussed in SEAM 

Indoor air onodehg. Indoor emissions may 
occur as a result of transport of outdoor-generated 
dust or vapors indoors, or as a result of 
volatilization of chemicals indoors during use of 
contaminated watez (e.& during showerin& 
cooking, WBshiDg). Few mode& are available for 
estimating indoor air concentrations from outside 
sources. For dust transport indoors, it can 
generally be assumed that indoor concentrations 
are less than those outdoors. For vapor transport 

indoors, amamrations indoors and outdoors can 
be assumed to be equivalent in’most cases. 
However, at sites where subsurface soil gas or 
ground-water seepage are entering indaors, vapor 
concentrations inside could exceed those outdoors. 
Vapor concentrations resulting hom indoor use of 
water may be greater than those outdoo~~, 
depending on the emission source charactesm 
dispersion indoors, and indoorandoor air 
exchangerates. Usemodelsdbassed in the 
lZpsure Assemmu Methods Handbook (EPA 
1989Q to Rlaluate volatilization of chemicals from 
indoor use of water. 

655 EsTlMATEExPosuRE 
CONCENTRATIONS IN SUBFACE 
WATER 

Data from surface water sampling and 
analysis may be used alone or in conjunction wim 
fate and transport models to estimate exposure 
concentrations. Where the sampling points 
correspond to exposure points, such as at 
locations where 6shing or recreational activities 
take place, or at the intake to a drinking water 
supply, the monitoring data can be used alone to 
estimate exposure concentrations. However, the 
data must be carefully screened. The complexity 
of surface water pn#.esses may lead to certain 
limitations in monitoring data. Among these are 
the following. 

e Temporalrepmentativeness. Surface 
water bodies are subject to seasonal 
changes in flow, temperature, and depth 
that may significantly affect the fate and 
transport of contaminants. Releases to 

storm conditions to produce surface 
runoff and soil erosion. Lakes are 
subject to seasonal stratification and 
changes in biological activity. Unless the 
surface water monitoring program has 
been designed to acumnt for these 

s m c e  water bodies often depend on 

phenomem& the data may not represent 
long-term avehage ooncentrations or 
ShOrt-termcOn~trationSthat~oCarr 
after S t o r m  events. 

o Spetienrepemtaham~~Ppaesermtativeness.Consiaeraare 
variation in concentration can ocnv with 
rapes to depth and lateral location in 
sprface water bodies. Sample locations 



substantial uncertainty into an exposure 

""""T. If deposition onto plants is the source of the 
chemical, air deposition modeling can be used in 
conjunction with plant interception fractions to 
estimate uptake. The plant interception fraction 
can be estimated by methods published in the 
literature or can be developed for a specific crop 
by amsidehng crop yield and the area of the plant 
available for deposition. 

If soil contamination is the source of the 
chemical, calculate the concentration in plants by 
multiplying soil to plant partition coefficients by 
soil concentrations. Use the open literature or 
computerized data bases to obtain these 
weflicients from field, microcosm, or laboratory 
experiments that are applicable to the type of 
vegetation or crop of concern (see EPA 1 % ~  
sludge documents for some). In the absence of 
more specik information, use general BCFs 
published in the literature that are not crop- 
specific (see Baes et ui. 1984 for some). When 
using these parameters, it is important to consider 
that many site-specific factors affect the extent of 
uptake. These factors include pH, the amount of 
organic material present in soil, and the presence 
of other chemicals. 

When literature values are not available, 
consider equations published in the literature for 
estimating uptake into the whole plant, into the 
root, and translocation from the root into above 
&Found parts (= calaman et al. 1987). Such 
methods require physicaUchemica1 parameters such 
as & or molecular weight and were developed 
using a limited data base. Scientific judgment 
must always be applied in the development and 
application of any partition coefficient, and 
caution must be applied in using these values in 
risk assessment. 

Terrestrial enirnak Use tissue monitoring 
data when available and appropriate for estimating 
human e u r e  to chemicals in the terrestrial 
food chain.' ~n the absence of tissue monitoring 
data, -'transfer axfficients together with ttte 
total chemical mass ingested by an animal per day 
to estimate contaminant concentrations in meat, 
eggs, or milk Data to support modeling of 
UP- bY - animals generally are not 
available for birds, but are available for some 

;113mmaIian species. Terrestrial mammals such as 
cattle are simultaneously exposed to chemicals 
from several sources such as water, soil, corn 
silage, pasture grass, and hay. Cattle ingest 
vaxying amounts of these sources per day, each of 
which will contain a different contaminant 
concentration. Because all sources can be 
important with regard to total body burden, an 
approach based upon the daily mass of chemical 
ingested per day is recommended because it can 
be applied to input from many sources. 

Obtain transfer coefficients from the 
literature (see Ng et al. 1977,1979,1982; Baa er 
d. 1984 for some), or calculate them directly from 
feeding studies (see Jensen et d. 1981; Jensen and 
Hummel 198% .Fries et d. 1973; Van Bruwaene 
et al. 1984). In the absence of this information, 
use regression equations in the literature for the 
estimation of transfer coefficients (see Travis and 
Arms 1988). It is important to be aware that 
regression equations that use feeding study results 
from short-term exposures may underestimate 
meat or milk concentrations. In addition, 
regression equations which rely on &,,,values may 
overestimate exposures for chemicals such as 
benz(a)pyrene that are rapidly metabolized. 
Information on the amount of feed, soil and water 
ingested by daw and beef cows is available in the 
literature and should be combined with chemical 
concentrations in these media to estimate a daily 
dose to the animal. 

65.8 SUMMARI[ZE EXPOSURE 
CONCENTRATIONS FOR EACH 
PATHWAY 

Summarize the exposure concentrations 
derived for each pathway. Exhibit 6-10 presents 
a sample format. 

6.6 

This section d e  the methodology for 
calculating chemical-specific intakes for,the 
populations and exposure pathways seleued for 
quantitative evaluation. The general equation for 

Remember that the intakes calculated in this step 
estimating intake was shown in Exhiit 6-9. 

- _  
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should be eamined relaw to surface 
water mixing zones. Qncentrations 
within the mixing zone may be 
significantly higher than at downstream 
points where complete mking has taken 

e Qnmtbti~nlfmttlimitattons. Where 
Iarge surhce water bodies are involved, 
mn taminants that enter as a result of 
ground-water discharge of runoff from 
relatively small areas may be significantly 

methods may not be able to detect 
chemicals at these levels, the toxic effects 
of the chemids and/or their potential 
to bioaccumulate may nevertheless 
require that such concentrations be 
assessed. 

diluted Although standard aMIytical 

o Contributions h m  other soruces. 
Surface water bodies are normally snbjecr 
to contamination h m  many sources 
(e& pesticide runo&, stormwater, 
wastewater discharges, acid mine 
drainage). Many of the chemic& 
associated with these sources may be 
dif6cuIt to distinguish from site-related 
chemicals. In many cases background 
samples will be useful in assessing site- 
related contaminants &om other 
contaminants (see Section 4.4). 
However, there may be other ~ s e s  
where a release and vansport model may 
be required to make the distinction. 

- 

Many analytical and numerical models are 
available to estimate the release of amammants  
to surface water and to predicx the fate of 
con taminants once released. The models range 
from simple mass balance relationships to 
numerical codes that amtain terms for chemical 
and biological reactions and interactions wth 
sediments In general, the level of informatlon 
collected daring the RI wilI tend to Limit the use 
of the more complex models. 

There are several documents that can bt 
consulted when selecting models to estimate 
surface water acposme wncenuations, induding 
SEAM (EPA 1988b), the Eqwsur Rnessmenr 
Methods Hrurdbook (EPA 1989f), and Selection 

a t l ? d f O r A d ,  - M o d e l s U s e d i n ~ S u r e  
Rrsessmslts: S@iace W e  Mad& (EPA 1m). 
SEAM lists equations for s d c e  water runoff and 
sail erosion and presents the basic mass balance 
relationships for estimating the effects of dilution. 
A list of available numerid codes for more 
complex modeIing also is provided. The selection 
uiteria document (EPA 1987b) provides a more 
in-depth discussion of numerical codes and other 
models. In addition, it provides guidehes and 
procedures for evaluating the appropriate level of 
complexity required for various applications. The 
document lists criteria to consider when selening 
a surface water model, including: (1) type of water 
body, (2) presence of steady-state or transient 
conditions, (3) point versus non-point sources of 
contamination, (4) whether 1, 2, or 3 spatial 
dimensions should be considered, (5) the degree 
of mixing, (6) sediment interactions, and (7) 
chemical processes. Each of the referenced 
documents should be consulted prior to any 
surface water mod'eling. 

6.5.6 ESTIMATEEXPOSOBE 
CONCENTRATIONS IN SEDIMENTS 

In general, use sediment monitoring data to 
estimate exposure concentrations. Sediment 
monitoring data can be expected to provide better 
temporal representativeness than surface water 
concentrations. This will  especially be true in the 
case of contaminants such as PCBs, PAHs, and 
same inorganic chemicals, which are Likely to 
remain bound to the sediments. When using 
monitoring data to represent exposure 
concentrations for direct contact exposures, data 
from surficial, near-shore sediments should be 
used. 

If modeling is needed to estimate sediment 
exposure concentrations, consult SEAM (EPA 
1988b). SEAM treats surface water and sediment 
together for the purpose of listing a d a b l e  
models for the release and transport of 
Contaminants. Models for soil erosion releases 
are equaIly applicable for estimating exposure 
concentrations for surface water and sediment 
Many of the numerical models listed in SEAM 
and the surface water selection criteria docament 
(EPA 1987b) contain sections devoted to sediment 
hte and transport. 
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65.7 ESTIMATE CaEMICAL 
CONCENTRATIONS IN FOOD 

Fish and shellfish. Chemical concentrations 
in ash and sheJEsb may be measrued or 
estimated. Site-specific measured values are 
preferable to estimated values, but before using 
such values, m u a t e  the sampling plan to 
determine if it was adequate to characterize the 
population and spezies of concern (see Section 
45.6 for some sampling considerations). Also 
examine analytical procedures to determine if the 
quantitation limits were low enough to detect the 
lowest concentration potentially harmful to 
humans. Inadequate sampling or high levels of 
quantitation may lead to erroneous amclusions. 

In the absence of adequate tissue 
measurements, first consider whether the chemiCai 
bioconcentrates (Le., is taken up from water) or 
bioaccumulates (ih, is taken up from food, 
sediment, and water). For example, low molecular 

.- weight volatile organic chemicals do not 
bioaccumulate in aquatic organisms to a great 
extent. Other chemicals accumulate in some 
species but not in others. For example, PAHs 
tend to accumulate in mollusk species but not in 
fish, which rapidly metabolize the chemicals. For 
those chemicals that bioconcentrate in aquatic 
species of concern, use the organism/water 
partition coefficient (Le., bioconcentration factor, 
or BCF) approach to estimate steady-state 
concentrations. BCFs that estimate concentrations 
in ediile tissue (muscle) are generally more 
appropriate for assessing human e~rposures m m  
fish or shellfish ingestion than those that estimate 
concentrations in the whole body, although this is 
not true for all aquatic species or applicable to all 
human populations consuming fish or shellfish 
When data from multiple experiments are 
available, select the BCF h m  a test that used a 
species most similar to the species of concern at 
the site, and multiply the BCF dbectly by the 
dissolved chemical concentration in water to 
obtain estimates of tissue amcentratio= Be 
aware that the study from which the BCF is 
obtained should reflect a steady state or 
equiliirium condition, generally achieved over 
long-term exposures (although some chemicals 
may reach steady state rapidly in certain species). 
Forsomechemicals,BCFsmqmaytimatetissue 
levels in fish that may be exposed onlyfor ashon 
period of time. 

When no BCF is available, estimate the BCF 
with a regression equation based on octanoi/water 
partition coefficients (K,,,,,). Several equations are 
available in the literamre. Those atveloped for 
chemicals with strucnrral similarities to the 
chemical of concern should be used in preference 

correlaticms. 
to general equations because of bemer statistical 

The regression equation approach to 
estimating BCFs can overestimate or 
underestimate concentrations in fish tissue 
depending upon the chemical of concern and the 
stndies used to develop the regression equations. 
For example, high molecular weight PAHs (such 
as benz(a)pyrene) with high & values lead to 
the prediction of high 6sh tissue residues. 
However, PAHs are rapidly metabolized in the 
liver, and do not appear to accumulate 
significantly in 6sh. Regression equations using 

pharmacokinetics, and thus may overestimate 
bioconcentration. On the other hand, studies used 
to develop repssion equations which were not 
representative of steady-state conditions will tend 
to underestimate BCFs. 

& cannot take into 8ccount such 

mid methods for estimating fish tissue 
concentrations are based on dissolved chemical 
amcentrations in water. While chemicals present 
in sediment and biota may also bioaccumalate in 
fish, there are only Iimited data available to 
estimate amm3utions to fish Wm these sources. 
However, chemicals that readily adsorb to 
sediments, such as P a s ,  can be present in surface 
water at concentrations below detection limits and 
stil l  significantly bioacannulate. Some models are 
available to assess the amtnbntion of chemical 
concentrations in sediment to chemical 
concentrations in aquatic biota. CEAM (ERL 
Athens) may be of assistance in choosing and 
applying an appropriate model. 

Plants. Site-related chemidsmay be present 
in plants as a result of direct deposition onto 
plant surfaces, uptake from the mil, and uptake 
from the air. When possj3le, samples of plants or 
plant products should be used to esa';mate 
arposare concentrations. In the abseace of 
monitoring data, several modeling approaches are 

plants. Use of these models, however, can 
availableforestimatingacposareamcentratioIlsin 
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innoduce substantial uncertainty into an exposure 
assessment. 

If deposition onto plants is the source of the 
chemical, air deposition modeling can be used in 
conjuncrjon with plant interception fractions to 
estimate uptake. The plant interception fraction 
can be estimated by methods published in the 
literature or can be developed for a specific crop 
by considering crop yield and the area of the plant 
available for deposition. 

If soil contamination is the source of the 
chemical, calculate the concentration in plants by 
multiplying soil to plant partition coefficients by 
soil concentrations. Use the open literarure or 
computerized data bases to obtain these 
coefficients from field, microcosm. or laboratory 
experiments that are applicable to the type of 
vegetation or crop of concern (see EPA 1985c 
sludge documents for some). In the absence of 
more specific information, use general BCFs 
published in the literature that are not crop- 
specific (see Baa er af. 1984 for some). When 
using these parameters, it is important to consider 
that many site-specific factors affect the extent of 
uptake. These factors include pH, the amount of 
organic material present in soil, and the presence 
of other chemicals. 

When literature values are not available. 
consider equations published in the literature for 
estimating uptake into the whole plant. into the 
root, and translocation from the root into above 
ground parts (see Calamari n ai. 1987). Such 
methods require physidchemical parameters such 
as K, or molecular weight and were developd 
using a limited data base. Scientific judgment 
must always be applied in the development and 
application of any partition coeffiaent, and 
caution must be applied in using these values in 
risk assessment. 

Terrestrial mnimals. Use tissue monitoring 
data when available and appropriate for estimating 
human exposure to chemicals in the terrestrial 
food chain. In the absence of tissue monitoring 
data, use transfer coefficients together with the 
total chemical mass ingested by an animal per day 
KO estimate contaminant concentrations in meat, 
eggs, or milk Data KO support modeling of 
uptake by terrestrial animalc generally are not 
available for birds, but are available for some 

imnmalh species. Terrestrial mammals such as 
cattle are simultaneously exposed KO chemicals 
from several sources such as water, soil, corn 
silage, pasture grass, and hay. Cattle ingest 
varying amounts of these sources per day, each of 
which will contain a different conLaminant 
concentration. Because all sources can be 
imponant with regard to total body burden, an 
approach based upon the daily mass of chemical 
ingested per day is recommended because it can 
be applied KO input from many sources. 

Obtain transfer coefficients from the 
literature (see Ng er af. 1977, 1979, 1982, Baes et 
aL 1984 for some), or calculate them directly from 
feeding studies (see J e m  ai. 1981; Jensen and 
Hummel 1982; .Fries et d. 1973; Van Bruwaene 
et al. 1984). In the absence of this information. 
use regression equations in the literature for the 
estimation of transfer cueffiaents (see Travis and 
Arms 1988). It is important to be aware that 
resression equations that use feeding study results 
from short-term exposures may underestimate 
meat or milk concentrations. In addition. 
regression equations which rely on K, values may 
overestimate exposures for chemicals such as 
benz(a)pyene that are rapidly metabolized. 
Information on the amount of feed, soil and water 
ingested by dairy and beef cows is available in the 
literature and should be combined with chemical 
concentrations in these media to estimate a daily 
dose to the animal. 

6.5.8 SUMMARIZE EXPOSURE 
CONCENTRATIONS FOR EACH 
PATEWAY 

Summarize the exposure concentrations 
derived for each pathway. Exhibit 6-10 presents 
a sample format. 

6.6 QUANTIFICATION OF 
EXPOSURE: ESTIMATION 
OF CHEMICAL INTAKE 

'his Section descn'bes the methodology for 
calculating chemical-specific intakes for the 
populations and exposure pathways selecled for 
quantitative evaluation. The general equation for 
estimating intake was shown in miit 69.  
Remember that the intakes calculated in this step 
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1 Ingestion of ground water: 

Benzene Concentrations arc the 95 pcrant 
upper confidence limit on the 

Chlordane arithmetic m g e  of measured 
concentrations in downgradient 

Cyanide monitoring wells 

Direct contact with soil: 

Manganese Concentrations are the 95 pcrant 
upper confidence limit on the 

Selenium arithmeac mrage of m e a s d  
concentrations m onsite surface 

Mercury soils. 

Concentrations are based on esti- 
mates of fugitive dust generation Manganese 1 mg/mJ 
and dispersion to nearby homes. 

Selenium 0.04 rng/rns Concentration inputs for rn model 
are 95 percent upper confidence 

Me- 0.002 mg/rnJ limit on the arithmetic a8er8ge of 
measured concentrations in onsite 
soil. 

Inhalation of dust: 
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are expressed as the amount of chemical as the 
exchange boundary (e.&, skin, lungs, gut) and 
available for absorption. Intake, therefore, is not 
muhalent to absorbed dose, which is the amount 
of a chemical absorbed into the blood stream. 

The sections that follow give standard 
equations for estimating human intakes for all 
possible exposure routes at a site. Values for 
equation variables are presented for use in 
evaluating residential exposures. Considerations 
for deriving pathway-specific variable values for 
populations other than residential (Le.. 
commerciavindustrial or recreational) also are 
given. In general, both upper-bound (e.g., 95th 
percentile or maximum values) and average (mean 
or median) values are presented. These values 
can be used to calculate the RME or to evaluate 
uncertainty. A general discussion of which 
variable =lues should be used to calculate the 
RME was provided in Seaion 6.4.1; more specific 
guidance follows. A discussion of the uncertainty 
analysis is presented in Section 6.8. 

The information presented below is organized 
by exposure medium and exposure route. 

6.6.1 CALCULATE GROUND-WATER AND 
SURFACE WATER INTAKES 

Individuals may be exposed to chenucals of 
potential concern in ground water and surfax 
water by the following routes: 

e (1) ingestion of ground water or surface 
water used as drinking water; 

(2) incidental ingestion of surface water 
while swimming and 

(3) dermal contact with ground water or 
surface water. 

Inhalation exposures to chemicals that have 
volatilized from surface or ground water are 
covered in Section 6.63. 

Intake h m  drinking water. Calculate 
residential inrakes h m  ingestion of ground water 
or surface water used 8s drinking water, using the 
equation and variable values presented in m i i t  
6-11. As dixllssed in section 653, chemical 
concentration in water (CW) should be based on 

data from unfiltered samples Develop pathway- 
speufic variable d u e s  as necessarg. Ingestion 
rates (Et) could be lower for residents who spend 
a portion of their day outside the home (e.&, at 
w o w  -* =Po=re -=CY 0 may MIY 
with land use. Recreational users and workers 
generally would be exposed less bequently than 
residents. 

intake ~NIQI ingestion of sarface water while 
swimming. calculate intakes born incidental 
ingestion of surface water while swimming. Use 
the equation and variable values presented in 
Exhibit 612 Chemical coILcentration in water 
(CW) should represent unfiltered concentrations. 
Incidental ingestion rates (IR) while swimming 
have not been found in the available literature. 
SEAM (EPA 1988b) recommends using an 
incidental ingestion rate of 50 muhour of 
swmmmg. Exposure duration (ED) will generally 
be less for recreational users of a surface water 
compared to residents living near the surface 
water. Workers are not expected to be exposed 
ma this pathway. 

Intake from dermal contact. Calculate 
intakes from dermal contact with water while 
swimming, wading, etc, or during household use 
(e.g., bathing). 

Use the equation and variable values 
presented in Exhibit 6-13. In this case. the 
calculated exoosure is actuallv the absorbed dose, 
not the amount of chemical that comes in contact 
with the skin fi.e.. intalcel. This is because 
permeability constants (PC) reflect the movement 
of the chemical across the skin to the stratum 
corneum and into the bloodstream. Be sure to 
record this information in the summary of 
exposure assessment results so that the calculated 
tntake is compared to an appropriate toxicity 
reference value in the risk characterization 
chapter. Note that PC are based on an 
equiliirium partitioning and likely result in an 
overestimation of absorbed dose over short 
exposure periods (e.g.* < 1 hr). The open 
literature should be co~~~ulted for chemical-specific 
PC values. The values m SEAM (EPA 1988b) are 
currently being reviewed and should not be used 
a t th i s t ime Ifch~-spccificPCvalrresare 
not available, the permeability of water can be 
usedtoderiveadeEaoltvaloe. (SeeBlanknal.  
[ 19841 for some values [eg., 8 . 4 x l ~ ~ ] . )  Note 

I 
0 



EXHIBIT &in 

RES1DENa'HA.L EXPOSURE: INGESTION OF 
CHEMICALS IN DRINKING WATER ' 

(AND BEVERAGES MADE USING DRINKING WATER) 

Equation: 

CW = 
IR = Ingestion Rate (litedday) 
EF = Exposure Frequency (days/year) 
ED = Exposure Duration (years) 
BW = Body Weight (kg) 
AT = 

Chemical Concentration in Water (moi te r )  

Averaging Time (period over which exposure is averaged - days) 

Variable Values: 

cw: 
IR: 

EF: 
ED: 

B W  

AT: 

Site-specific measured or modeled value 

2 liters/dq (adult, 90th percentile: EPA 19894) 
1.4 literslday (adult. aperap: EPA 19891) 
Age-specific talues (EP4 1989d) 

Pathwaj-specific value (for residents. usually daily - 365 days/year) 

70 years (lifetrrne: by contention) 
30 years (national upper-bound time (90th percentile) 

a t  one residence: EPA 19894) 
9 years (national median tame (50th percentile) at one residence; 

EPA 1989d3 

70 kg (adult. average: EPA 39898 
Age-specific values (EPA 19851, 1989d) 

Pathway-specific period uf cxposure for noncarcinogenic C f f e c b  
(Le., ED x 365 days,,ear). and 70 year lifetime for eercinogenic 
effects (i.e., 70 years I 365 days/year). 

a 
See SLea'On 6.4.1 and 6.6.1 for a discussion of which vmkbb v- s-bc (udd & caldo& d& 
mas& lllpzirmun exposure. I n  general. combine 95th or 90th p n ~ ~ ! &  v a I u n f o r  aon(0Cl rute 
and Lzposrcrrfirqrceney and duration variables. 



ExBcnlssF 612 

Where: 

CW = 
CR = cootactRate(litcn/hour) 
ET = ExposmeTime(hours/event) 
ET = Exposure Frequency (evenWyear) 
ED = Espomrchration~ears) Bw = BodyWeight(€rg) 
AT = Averaging Time (period over which exposure is averaged - days) 

Chemical Concentration in Water (*liter) 

Variable Values: 

CW: 

Ck 50 mUbour (EPA 1989d) 

ET: Pathway-specilic value 

EF 

Site-specific measured or modeled value 

Patbway-s@fic value (should consider local dimatic amditioms 

7 days/year (national average for swimming USDO1 in 

70 years (lietims by coaocntion) 
30 years (nati~nal upper-bound time (90th percentile) at one 

9 yeam (national median time (50th percentile) a t  one residence; 

70 kg (adult, average; EPA 1989d) 
Age-sperific valaes (EPA 1985a, W d )  

Pathway-specific period of exposure for noncarcinogenic effects 
(Le., ED x 365 dawyear), and 70 year lifetime for carcinogenic 
d&cu (Le., 70 yean x 365 dayZ/year). 

[e. g., mamkr of days above a given temperature1 and age of 
potentially exposed population) 

EPA WWb, EPA I99898 
ED: 

residence; EPA 198933 

EPA 1989d) 

BW. 

AT: 
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EXHIBIT 6-13 

Equation: 

Absorbed Dose (m%Lg-day) = CW 
BW x AT 

Where: 

cw= 
S A =  
PC = 
E T =  
EF = 
ED = 
c F =  
B W  = 
AT = 

Chemical Concentration in Water (m#liter) 
Skin Surface Area Available for Contact (an*) 
Chemical-specific Dermal Permcabiiity Constant (cm/hr) 
Exposure T i  (hours/day) 
Exposure Frtqueney (daydyear) 
Ekposure Duration (years) 
Volumetric Conversion Factor for Water (1 liter/lOOO ana) 
Body Weight (kg) 
Averaging Time (period over which exposure is averaged - dap) 

Variable Values: 

CW: Site-specific measured or modeled value 

S A  

AauxRS 
3 c 6  
6 < 9  
9 < 12 
12 < IS 
15 < 18 
Adult 

WLE 
0.728 
0.931 
1.16 
1.49 
1.75 
1.94 

FEMALE 
0.711 
0.9 19 
1.16 
1.48 
8.60 
8.69 

dvPart - 
HANDS 

0.040 
AJws 
0.096 

l%!amRS 
3 < 4  
6 c 7  0.11 0.041 
9 < IO 0.13 0.057 
Adult 0.23 0.082 

LEGS 
0.18 
0.24 
0.31 
0.5s 

(CQnthud) 
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P C  Consult open literature for values [Note that use of PC values results in 
an estimate of absorbed dose.] 

I 
ET: Pathway-specific value (consider I d  activity patterns if information 

2.6 hrs/day (national average for swimmin& USDQI in 
is available) 

EPA l988b. EPA 198913 

EF Pathway-specific value (should consider local climatic conditions 

7 dawyear ( n a t i 0 ~ 1  average for swimming, USDOI in EPA l988b, 

[e. &, number of days above a given temperature] and age of potentially 
exposed population) 

EPA 19891) 

ED 70 years (lifetime; by convention) ' 
30 years (national upper-bound time (90th percentile) at  one residence; 

9 years (national median time (50th percentile) at  one residence; 
EPA 1989d) 

EPA 1989d) 

CF 1 Iiter/lOOO ema 

B W  70 kg (adult, average: EPA 19891) 
*specific values (EPA 198%. 19894) 

A T  Pathway-specific period of a~posure for noncarciuogcnic efPects 
(Le., ED x 365 days/year), and 70 year liietime for carcinogenic effects 
(i.e., 70 years x 365 days/year). 
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that this approach may mdemtimate dermal 
permeability for some organic chemicals. 

To calculate the reasonable maximum 
acposure for this pathway, 50th percentile values, 
instead of 95th percentile values, are used for the 
area of exposed skin (SA). This is because 
surface area and body weight are strongly 
correlated and 50th percentile values are most 
representative of the surhce area of individuals of 
average weight (e+, 70 kg) which is assumed for 
this and all other exposure pathways. Estimates 
of exposure for this pathway are still regarded as 

assumptions are used to estimate dermal 
absorption (PC) and eJcposure frequency and 
duration. 

coIlsenra* because generally coaservative 

Consider pathway-spedfic variations for the 
intake variables. SA will vary with activity and 
the extent of clothing worn. For example, a 
greater skin surface area would be in contact with 
water daring bathing or Swimming than when 
wading. Worker exposure via this pathway will 
depend on the type of work performed at the site, 
protective dothing worn, and the extent of water 
use and contact 

6.6.2 CALCULATE SOIL, SEDIMENT, 3R 
DUST INTAKES 

Individuals may be exposed to chemicals of 
potential concern in soil, sediment, or dust by the 
following routes: 

(1) incidental ingestion; and 
(2) dennal contan 

Inhalation exposures to airborne soil or dust are 
discussed in Section 6.63. 

hidental ingestion. Calculate intakes from 
inadental ingestion of chemicals in soil by 
residents using the equation and variable values 
presented in W i t  614. Consider population 
characteristics that might ix)flnencevariablevalua 
Expasure duration (ED) may be less for workers 
and recreational users. 

The value sqgested for ingestion rate (IR) 
for children 6 yeam old and younger are based 
primady on fe%al traces studies and acwunt for 
ingenion of indoor dust as well as outdoor soiL 

These values should be viewed as representative 
of long-term average daily ingestion rates for 
children and should be used in conjunction with 
an exposure frequency of 365 days/year. A term 
can be used to account for the fraction of soil or 
dust mtacted that is presumed to be 
contaminated 0. In some cases, concentrations 
in indoor dust can be equal to those in outdoor 
soil. Conceivably, in these cases, FI could be 
equal to 1.0. 

For ingestion of chemicals in sediment, use 
the same equation as that used for ingestion of 
soil. Unless more pathway-specific values can be 
found in the open literature, use as default 
variable values the same values as those used for 
ingestion of soil. In most instances, contact and 
ingestion of sediments is not a relevant pathway 
for industriaUcommercial land use (a notable 
exception to this could be workers repairing 
docks). 

'BDennal~contact. Calculate exposure from 
dermal contact with chemicals in soil by residents 
using the equation and variable values presented 
in Exhibit 6-15. As was the case with exws ure to 
chemicals in water, calculation of exwsure for this 
pathwav results in an estimate of the absorbed 
dose. not the amount of chemical in contact with 
the skin he.. intake). Absorption factors (ABS) 
are used to reflect the desorption of the chemical 
from soil and the absorption of the chemical 
across the skin and into the blood stream. 
Consult the open literature for information on 
chemical-spedfic absorption factors. In the 
absence of chemical-specific information, use 
conservative assumptions to estimate ABS. 

Again, as with dermal exposure to water, 50th 
percentile body surface area (SA) values are used 
to estimate contact rates. These values are used 
along with average body weight because of the 
smng correlation between surface area and body 
weight. Contact rates may with time of year 
and ma-- be greater b r  individuals contacting soils 
in the warmer months of the year when less 
clothing is worn (and hence, more skin is available 
for contact). Adherema factors (AF) are available 
forfewsoiltypesandbodyparts. Theliterature 
should be reviewed u) dexive AFvalues for other 

m-cY(EF)is~d- * ed using site 
sped& infomation and professional judgment. 

soiltypesandotherbodyparts Exposure 



EXMBIT 6-14 

PZESHDEIWHAH, EXPOSURE: 

INGES’FION OF CHEMICALS IN SOILu 

Equation: 

Intake (mg/kg-day) = CS Y 1R Y CF Y FI x EF x EB 
nw x AT 

Where: 

cs = 
IR = 
CF = 
F I =  
EF = 
E D =  
BW = 
AT = 

Chemical Concentration in Soil (mg/kg) 
Ingestion Rate (mg soil/day) 
Conversion Factor (10-6 Lglmg) 
Fraction Ingested from Contaminated Source (unitless) 
Exposure Frequency (days/years) 
Exposure Duration (years) 
Body Weight (IC@ 
Avera@ag Time (period over which exposure is averaged - days) 

Variable Values: 

CS: Site-specific measured value 

IR: 200 mg/day (children, 1 through 6 ,ears old: EPA 1989g) 
100 W d a y  (age groups greater than 6 years old; EPA 1989s) 

NOTE: IR vaIues are default values and couId change based 
on site-specific or other information. Research is currently ongoing 
to better define ingestion rates. IR values do not apply to individuals 
with abnormally high soil ingestion rates (Le., pica). 

CF: 1 0 ” k g h g  

Fk 

EF 36Sdayslyear 

E D  

Pathway-specific value (should consider contaminant location and 
population activity patterns) 

70 years (lifetime: by convention) 
30 years (national upper-bound time (90th percentile) at one 

9 years (national median time (50th percentile) at one residence; 

70 kg (adult, average; EPA 1989d) 
16 kg (children 1 through 6 gears old, SOtb percentile; EPA 1985a) 

Pathway-specific period of exposure for noncarcinogenic effects 

residence; EPA 1989d3 

EPA l989d) 

BW: 

AT: 
(Le., ED x 365 daydyear), and 70 year lifetime for carcinogenic fleets 
(i.e., 70 years x 365 daydyear). 
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EXHIBIT 6-15 

Equation: 

Absorbed Dose (m%kg-day) = CS x CF x SA x A F x ABS x EF x Ep 
BW x AT 

Where: 

cs = 
C F -  
S A =  
A F =  
ABS= 
E F =  
E D =  
BW = 
AT = 

Chemical Concentration in Soil (m%kg) 
Conversion Factor (10 -a kghg) 
Skin Surface Area Available for Contact (cm2/event) 
Soil to Skin Adherence Factor (mg/cm2) 
Absorption Factor (unitless) 
Exposure Frequency (eventdyear) 
Exposure Duration (years) 
Body Weight (kg) 
Averaging Time (period over which exposure is averaged - days) 

. 

Variable Values: 

CS: 

CF: Wrng 

SA: 

Based on site-specific measured value 

3 < 6  
6 < 9  
9 < 12 
12 < 1s 
1s < 1s 
Adult 

0.729 
0.931 
1.16 
1.49 
1.75 
1.94 

FEMALE 
0.711 
0.9 19 
1.16 
1.48 
1.60 
1.69 

AGuxBSl 
3 < 4  
6 c 7  
9 < 10 
Adult 

BBEis 
0.096 
0.11 
0.13 
0.23 

HANDS 
0.040 
0.041 
0.057 
0.082 

LE;Gs 
0.18 
0.24 
0.31 
0.55 

SeC Sccaion 6.4.1 d 6 . 6 . 2  for adiscussion of which lrMhMc values sh~&be d b  CU&IL&G c& cryv0~- 
OMr muximum exposam. i n  g a d .  combine 95th or 90th parenrilc v b f o r  conlac! m& and tlpas~ 
firpumq variables. Use 50th pmsraiL valuesjiw a see tat fir mtionak. 

a 



AF: 1.45 m%Cma - commercial potting soil (for hands; EPA 19894 EPA 
1988b) 

l I 
2.77 m@cmz - h l i n  clay (for hands; EPA 1989d, EPA 1988b) 

ABS: Chemical-specific value (this value accounts for dkrptioa of 
chemical tiam the soil matrix and absorption of chemical amss 
the skin; genetally, information to support a determination of ABS is 
limited - see text) 

9 years (national median time (50th ,percentile) at one residence; 
EPA 19894) 

BW: 70 kg (adult, averagt; EPA 19894) 
Age-specific values (EPA 1985a, 19898 

EF: Pathway-specific value (should consider local weather conditions 
[cgpmnber of rain, SIIOSS and frost-free days] and age of potentially 
exposed population) 

ED 70 years (lifetime; by convention) 
30 years (national upper-bound time (90th percentile) at me residence; 

EPA 19891) 

AT: Pathway-specific period of exposure for n o n d o g e n i c  effects 
(Le., ED x 365 days/year), and 70 year lifetime for carcinogenic effcct 
(Lie., 70 years x 365 daydytar). 
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%est guess" values for children potentially useful 
in risk assessments are 3 timeshveek for fall and 
spring days (>%!OF) and 5 timeshveek for summer 
days when children are not amding  school. As 
discussed previously, in some cases, concentrations 
in indoor dust could be eqnal to that in outdoor 
environments. Therefore, at some sites, EF could 
be 365 days/ye.ar. Worker and recreational user 
mntact rates are dependent on the type of activity 
at the site. Exposure duration (ED) and exposure 
frequency @;) may be lower for workers and 
recreational users. 

For dermaI contact with sediment or dust, 
use the same equation as that for dermal contact 
with soil. As default values, also use the variable 
values given for dermal contact with soil unless 
more pathway-specific values can be found in the 
open literature. Adherence factors for some 
sediments (particularly sandy sediments) are likely 
to be much less than for soils because contact 
with water may wash the sediment off the skin. 
Exposure frequency for sediments also is probably 
lower than that for soils at many sites. 

6.63 CALCULATEAIRINTAKES 

Individuals may be exposed to chemicals of 
potential concern in air by inhalation of chemicals 
in the vapor phase or adsorbed to particulates. 
Dermal absorption of vapor phase chemicals is 
considered to be lower than inhalation intakes in 
many instances and generally is not considered in 
Superfund exposure assessments. 

As with other lpatlnvays, the inhalation 
intakes are expressed in units of mg/kg-day. The 
combination of inhalation intakes with inhalation 
ws (expressed in concentration units of mg/m3) 
will be discussed in Chapters 7 and 8. 

Inhalation of vapor-phase chemicals. 
Calculate intakes from inhalation of vapor phase 
chemicals using the equation and variable values 
presented in Exhiiit 616. Consider variations 
with land use. Exposure time (ET) will generally 
be less for workers and recreational users. For 
exposure times less than 24 hours per day, an 
hourly inhalation rate (IR) based on activity, age, 
and sex should be used instead of the daily IR 
values. Exposure duration (ED) may also be less 
for workem and recSeational users. 

Inhalation of particalate phase chemicals. 
Calculate intakes from inhalation of particuiate 
phase chemicals by modifying the equations and 
variable values presented in Exhiiit 6-16 for 
vapor-phase exposures. Derive inhalation 
estimates using the particulate concentration in 
air, the hction of the particulate that is 
respirable (Le., particles 10 um or less in size) 
and the concentration of the chemical in the 
respirable fraction. Note that it may be necessary 
to adjust intakes of particulate phase chemicals if 
they are to be combined with toxicity values that 
are based cn eJcposure to the chemical in the 
vapor phase. This adjustment is done in the risk 
characterization step. 

6.6.4 CXLCUIAT'E FOOD IIUTAKES 

Individuals may be exposed by ingestion of 
chemicals of potential concern that have 
accumulated in food. The primary food items of 
concern are: 

(1) fish and shellfish; 

(2) vegetables and other produce; and 

(3) meat, eggs, and dauy products (domestic 
and game species). 

Ingestion of fish and shellfish. Calculate 
intakes from ingestion of fish and shellfish using 
the equation and variable values given in Exhibit 
6-17. Exposure will depend in part on the 
availability of suitable fishing areas. The chemical 
concentration in fish or shellfish (CF) should be 
the concentration in the edible tissues (when 
available). The edible tissues will vary with 
aquatic species and with population eating habits. 
Residents near major commercial or recreational 
fisheries or shell fisheries are likely to ingest 
larger quantities of locally caught fish and shellfish 
than inland residents. In most instances, workers 
are not likely to be exposed via this pathway, 
although at some sites this may be possible. 

Ingfstim of vegetables or other produce. 
Calculate intakes from ingestion of contaminated 
vegetables or other produce using the equation 
and va-iable values given in Exhibit 6-18 This 
pathway will be most significant for farmers and 
for rural and urban residents consuming 
home- fruits andl vegetables. For 



Equation: 

Intake (m%kg-day) =- 
BW x AT 

Where: 

CA = Contaminant Concentration in Air (mg/m3 
IR = Inhalation Rate (mJlbour) 
ET = ErposureTie(houn/day) 
EF = Exposure Frequency (days/year) 
ED = ExposoreDuration(ycars) 
BW = BodyWeight(Lg) 
AT = Averaging Time (period over which exposure is avuagcd - days) 

Variable Values: 

CA: 

IR: 

IEF. 

ED: 

B W  

AT: 

Site-specific measured or modeled value 

30 &/day (adult, suggested upper bound value; EPA l989d) 
20 mJ/day (adult, average; EPA 1989d) 
Hourly rates (EPA 19894) 
Agespecific values (EPA 1985a) 
Age, sa, and activity based values (EPA 19SSa) 
0.6 W/hr - showering (all age groups; EPA 1989d) 

Pathway-speciflc values (dependent on duration of exposorc-related 

12 minutes - shmring (90th percentile; EPA 19898 
7 minutes - showering (50th percentile; EPA l989d) 

Pathay-speciiic value (dependent on frequency of showering or otber 

70 years (lifetimt; by convention) 
30 years (national upper-bound time (90th percentile) at one residence; 

9 years (national median time (50th percentile) at one residencc; 

70 kg (adult, average: EPA 198963 
Age-specific values (EPA 198s. 1989d) 

Pathway-specific period of exposure for noncarcinagcnic effects 

activities) 

exposure-related activities) 

EPA l989d) 

EPA 1989d) 

(Le., ED x 365 dayslyear), and 70 year lifetime for carcbogeak effects 
(i.e., 70 years x 365 days/year). 
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EXHIBIT 6-17 

RESIDENTIAL EXPOSURE FOOD BATHWAY - 
INGESTION OF CONTAMINATED FISH AND SHELLFISH' 

Equation: 
h t a k e  (mgkg-day) = C F x I R x F I x E F x D  

BW x AT 

where: 

CF = &ntaminant COnCentratiOO in FKh (m%kg) 
iR = Ingestion Rate (kg/meal) 
FI = Fraction Ingested from Contaminated Source (snitless) 
EF = ExposueFrcquencg(mcaWyear) 
ED = ErposureDuration~ears) 
BW = BodyWeightorg) 
AT = AWraging Time (period over which exposure is avemged - days) 

Variable Values: 

C F  

'm 

FI: 
E F  

ED. 

B W  

AT: 

Site-specific measured or modeled value 

0.284 k&meai (95th percentile for fm fah; Pa0 et d -82) 
0.113 kg/m4(50th  percentile for fEn Ash; Pa0 et d 1982) 

I32 Jday (95th percwtile daily intakes averaged over three days 

38 %day (50th percentile daily intake, averaged over three days 

6.5 %day (daily intake averaged over a yeac EPA 1989d. 

Specific values for age, sex, race, region and fish species are 

Pathway-specific value (should consider local usage patterns) 

Patbway-specific value (should consider local population patterns 

48 days/year (average per capita for fish and shellfish; EPA T ~ l t r a n ~ e  

70 years (lifetime; by convention) 
30 yeam (national upper-bound time (90th pemntile) at one rcsidmec; 

9 years (national median time (50th puccntile) at one residencq 

70 kg (adult, average; EPA 1989d) 
-c values (EPA 1985a, p989d) 

Pathwayspecific period of exposure for noncarcinogenic effects 

for consumers of fin fish; Pao u d 1982) 

for coosumers of fin fish; Pa0 et uf. 1982) 

NOTE: Daiiy intake values should be used io coqjunctioo with 
an  exposure frequency of 365 daystyear.) 

available (EPA 19891, l989h) 

8 information is available) 

Assessment System in EPA l989h) 

EPA 1989d) 

EPA l989d) 

(ie., ED x 365 days/year), aod 70 year lifetime for carchogenic effects 
(ie., 70 years x 365 dayvyear). 



EXHIBIT 6-18 

RESIDENTPAL EXPOSURE: FOOD PATHWAY -- 
INGESTION OF CQNTMINATED FRUITS AND VEGETABLES a 

Equation: 
Intake (mglkg-day) = CF x 1R x FI x EF x 

B1V x AT  

Where: 

CF  = Contaminant Concentration in Food (rngkgJ 
IR = Ingestion Rate W m e a l )  
FI = Fraction Ingested from Contaminated Source (unitless) 
EF = Exposure Frequency (meals,)e.tr) 
ED = Exposure Duration Oears) 
BW = Body Weight (kg) 
AT = Averaging Time (period in tr  w hirh exposure is averaged - days) 

Variable Values: 

CF 

IR: 

FI: 

EF: 
ED: 

B W  

AT: 

Site-specific measured \ d u e  or modeled u l u e  based on soil 

Specific values for a wide rarict) of fruits and vegetables are available 

concentration and plant:soil accumulation factor or deposition factors 

(Pao et d. 1982) 

Pathway-specific value (should coniider location and size of 
contaminated area relathe to that of residential areas. as well as 
anticipated usage patterns) 

Pathway-specific value (should consider anticipated usage patterns) 

70 years (lifetime: by convention) 
30 years (national upper-bound time (90th percentile) at one residence; 

9 years (national median time (50th percentile) a t  one residence; 
EPA 19894) 

EPA 1989d) 

70 kg (adult, average: EPA 19894 1 
Age-specific values (EPA 198Sa. 1989d) 

Pathway-specific period uf exposure for noncarcinogenic ef€ects 
(Le.. ED x 365 days/year). and 70 year lifetime for carcinogenic effects 
(i.e.. 70 years x 365 daysiyear). 

OSar Section 6.4.1 a d  6.6.4jbr a discussion of which variable values shouUb0 usdl0 c d c u h  the 
musonab& 
sxposurrjhtquenq a n d M o n  vmkb&s. 

exposum. In general, use 95th or 90th percentile values fir conlpci rafo and 
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contaminated backyard gardens, the fraction of 
food ingested that is contaminated (Fl) can be 
estimated using information on the fraction of 
fruits or vegetables consumed daily that is home 
grown 0. EPA (198%) provides HFvalues for 
fruit (0.20, averag~ 0.30 worst-case) and 
vegetables (0.25, average; 0.40, worstcase). 
(Worst-case values can be used as estimates of the 
95th percentile value.) Pa0 ef ul. (1982) provides 
speafic values for a Variery of fruits and 
vegetables. 

Workers are not likely to be exposed via this 
pathway. Recreational users could be exposed 
from consuming wild fruits or vegetables from the 
site, although such exposures are likely to be 
negligible. 

Ingestion of meat, eggs, andl dairy products. 
Calculate intakes from mgestion of contaminated 
meat and dairy products using the equation and 
variable values given in Exhibit 6-19. Derive 
pathway-specific values as necessary. Rural 
residents may consume poultry as well as livestock 
and wild game that have been exposed to 
contaminants at the site. The fraction of food 
ingested daily that is contaminated (FI) can be 
estimated for beef and dairy products using 
information provided in EPA (1989d) on the 
fraction of these foods that is homegrown m. 
HF for beef is estimated to be 0.44 (average) and 
0.75 (worst-case). HF for dauy products is 
estimated to be 0.40 (average) and 0.75 (worst- 
case). (Worst-case values can be used as estimates 
of the 95th percentile value.) Consider land-use 
variations. Workers are not likely to be exposed 
via this pathway. Exposure duration (ED) and 
exposure frequency (EF) will likely be less for 
recreational users (e.g., hunters). 

6.7 COMBINING CMEMCAE 
INTAKES ACROSS 
PATEWAYS 

Asdiscpssed previously, the RME at a site 
refleas the RME for a pathway as well as the 
RME BQO~S pathways. A given population may 
be exposed to a chemical Wm several exposure 
routes. For example, residents may be exposed to 
chemicals in ground water via ingestion of 
drinkingwaterandviainhalationofchemiarlrthat 

have volatilized from ground water duringits use. = 
They also could be exposed to 
or dust that have migrated 
calculate an exposure that is a reasonable 
maximum acfoss pathways, it may be necessary to 
combine the F2ME for one pathway with an 
estimate of more typical exposure for another 
pathway (see Section 83.1). The average variable 
values identified in the previous sections can be 
used to calculate intakes for these more qpical 
exposures. At this point in the assessment, 
estimated intakes are not summed across 
pathways; this is addressed in the risk 
characterhtion chapter. However, the assessor 
should organize the results of the previous 
exposure amlyses (including any estimates of 
typical exposure) by grouping all applicable 
exposure pathway for each exposed population. 
This organization will allow risks from appropriate 
exposures to be combined in the risk 
characterization chapter (see Exhibit 6-22 for a 
sample summary format). 

6.8 EVALUATING 
WCERTAINTY 

?he discussion of uncertainty is a very 
important component of the exposure assessment. 
Based on the sources and degre of uncertainty 
associated with estimates of exposure, the 
decision-maker wil l  evaluate whether the exposure 
estimates are the maximum exposures that can be 
reasonably expected to occur. Section 8.4 provides 
a discussion of how the exposure uncertainty 
analysis is incorporated into the uncertainty 
analysis for the entire risk assessment. 

The discussion of uncertainty in the exposure 
assessment chapter should be separated into two 
p a .  The first part is a tabular summary of the 
values used to estimate exposure and the range of 
these values. The table should include the 
variables that appear in the aposure equation as 
well as those used to estimate exposure 
concentrations (e& model variables). A simple 
example of this table is shown in Exhibit 6-20. 
For each variable, the table should include the 
range of possible values, the midpoint of the 
range (useful values for this part are given in 
Exhiiits 6-11 through 6-19), and the value used to 
estimate exposure. In addition, a brief description 



EXHIBIT 6-19 

RESIDENTIAL EXPOSURE FOOD PATHWAY - 
INGESPaON OF CONTAMINATED MEAT, EGGS, 

m DNRY PRODUCFS = 
Equation: 

Intake (mg/kg-day) = CF x IR x FI x EF x ED 
BW x AT 

CF = Contaminant Concentration in Food (mg/kg) 
IR = IngestionRate(kg/meal) 
FI = Fraction Ingested from Contaminated Source (unitless) 
EF = Exp~sure Frequency (mcaWyear) 
ED = ErposureDuration(ycars) 
BW = BodyWeight(kg) 
AT = Averaging Time (period over which exposure is averaged - LAP) 

Variable Values: 

CF: 

IR: 

Fk 

E F  

E D  

B W  

AT: 

Sitespecific measured or modeled value. Based on soil 
concentrations, plant (feed) accumulation factors, and' feed-to-meat 
or feed-to-daiy product transfer coefficients 

0.28 kglmeal- beef (95th percentile: Pao ef ui. 1982) 
0.112 wmeal - beef (50th percentile; Pao er id 1982) 
Specific values for other meats are available (Pa0 d id 1982) 

0.150 kgheal-  eggs (95th percentile; Pa0 ef id 1982) 
0.064 kg/meall- eggs (50th percentile; Pao d uf. 1982) 

Specific values for milk, cheese and other dairy products are available 

Pathway-specific value (should consider location and size of contaminated 

(Pa0 er ol. 1982) 

area relative to that of residential areas, as well as anticipated usage 
patterns) 

Pathway-specific value (should consider anticipated usage patterns) 

70 years (lifetime; by convention) 
30 years (national upper-bound time (90th percentile) a t  one residencc; 

9 years (national median time (50th percentile) at  one residence: 

70 kg (adult, avemgc; EPA 1989d) 
Agespecific values (EPA 1985a, 1989d) 

Pathway-specific period of exposure for noncarcinogenic effects 

EPA 1989d) 

EPA1989d) 

(i.e., ED x 365 days/year), and 70 year lifetime for carcinogenic effects 
(i.e., 70 years x 365 days/year). 
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EXHIBIT 6-20 

EIWMPILE OF TABLE FO-T FOR SU-ZING 
VALUES USED TO ESTIMATE EXPOSURE 

PCB concentration 
in soil (mdkg) 

Chronic exposure 
(m%kg) 

Acute exposure 
(WW 

Adult soil ingestion 
rate (mdd) 

Exposure frequency 
(days/wk) 

Exposure duration 
(yean) 

0 - 170 17 
(arithmetic mean) 

1 - 7  3 

P - 20 10 

Variable Midpoint Value Used Brief Rationale 

95th percentile upperbound 
estimate of mean concentration 

Maximum detected concentration 3304.3 

100 

5 

20 

Range based on assumptions 
regarding soil adherence and 
percent ingestion. Value used 
is from EPA 1989g. 

Best professional judgment. 

Best professional judgment. 



of the selection rationale should be included. The 
discussion that accompanies the table in the 
exposure assessment chapter should identify which 
variables have the greatest range and provide 
additional justification for the use of valw that 
maybelesscertain. 

The second part of the u~lcerta~ll tydiscussion 
is to summarhe the major assumptions of the 
exposure assessment, to disarss the uncertainty 
associated with each, and to describe how this 
uncertainty is expected to affect the estimate of 
exposure. Sources of mcerrainty that should be 
addressed include 1) the monitoring data, which 
may or may not be representative of actual 
conditions at the site; 2) the exposure models, 
assumptions and input variables used to estimate 
exposure concentrations; and 3) the values of the 
intake variables used to calculate intakes. Each 
of these sources should be discussed in the 
summary section of the exposure assessment A 
table may be useful in smmarking this 
information. m i i t  6-21 presents a sample 
format 

A supplemental approach to uncertainty 
analysis is to use analytical methods (e.g., first- 
order uncertainty adysis) or numerical methods 
(e.g., Monte Carlo analysis). These methods and 

their limitations are described in greater detail in 
Section 8.4 It is recommended that these analyses 
be used only after approval of the EPA project 
managex, and then, only as a part of the 
uncertainty analysis (and not as a basis for the 
reasonable man'mum eJcposare). 

ASSESSMENT RESULTS 

At this point, the exposure assessor should 
summarize the results of the exposure assessment 
The summary information should be presented in 
table format and should list the estimated 
chemical-sped& intakes for each pathway. The 
pathways should be grouped by population so that 
risks can be combined across pathways as 
appropriate. The summary information should be 
further grouped by current and future use 
categories. Within these categories, subchronic 
and chronic daily intakes should be summarized 
separately. Exhibit 6-22 presents a sample format 
for this summary information. In addition to the 
summary table, provide sample calculations for 
each pathway, to aid in the review of the 
calculations. 
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EXHIBIT 6-2B 

EFFECI' ON EXPOSURE ' 
Potential 

Potential Potential Magnitude 
Magnitude Magnitude for Over- 
for Over- for Under- or Under 
Estimation Estimation Estimation 
of Exposure of Exposure of Exposure ASSUMPTION 

Moderate Sufficient samples may not have 
been taken to characterize the media 
being evaluated, especially with 
respect to currently available soil data. 

Low Systematic or random errors in the 
chemical analyses may yield erroneous 
data. 

Chemicals in fish will be at 
equilibrium with chemical 
concentrations in water. 
Use of a Gaussian dispersion model 
to estimate air concentrations offsite. 

LOW 

'Low Use of a box model to estimate 
air concentrations onsite. 

Use of Cowherd's model to estimate 
vehicle emission factors. 

Moderate 

Moderate The standad assumMons regarding 
body weight, period exposed, life 
expepncy, population characteristics. 
and lifestyle may not be representative 
of any actual exposure situation. 

The amount of media intake is assumed Moderate 
to be constant and representative 
of the exposed population. 

Moderate to 
Higb 

Assumption of daily lifetime 
exposure for residents. 

Use of "bot spot" soil data for 
upper-bound Lifetime exposure 

Moderate to 
High 



EXHIBIT 6-22 

~ ~ 

Population Exposure Pathway Chemical Chronic Daily Intake (CDI) (mpikpda V) 

Carcinogenic Noncarcinogenic 
Etrccts Effccts 

Residents Ingestion of ground water Benzene 
that has migrated from Chlordane 
the site to downgmdient Phenol 
local wells Cyanide 

Nitrobenzene 

Inhalation of chemicals Benzene 
that have voktilized from 
ground water during use 

Ingestion of fsh Chlordane 
that have accumulated IMEK 
chemicals in nearby Phenol 
lake 

- 6  
0.00035 
0.1 
0.0003 
o.Ooo1 

b - 

0.00019 
0.005 
0.08 

a Similar kzbles shorrld be proporad for aU subchronic &aily i a  (SDI) csrimora as well as for all CDI 
and SDI atbales vnderfkavr lnnd use con&ons. 

CDIjbr noncaminogenic * n$?mue daK (as of PhCplrMiarrrion dolc of% d). 

CDI fi emdnogmu &kts not crdrulnrpA for rtrrmicrrL no! w n s W  Cy EPA to k pdmIiol human 
carcinogens (as of the publicon dolc of this manual). 

not caiad&dfir knurv kcntue il &us not h e  M EPA-wri/ed 
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CHAPTER 7 

TOXICITY ASSESSMENT 

The purpose of the toxicity assessment is to 
weigh available evidence regarding the potential 
for particular contaminants to cause adverse 
effects in exposed individuals and to provide, 
where possible, an estimate of the relationship 
between the extent of exposure to a contaminant 
and the increased likelihood and/or severity of 
adverse effects. 

Toxicity assessment for contaminants found 
at Superfund sites is generally accomplished in 
two steps: hazard identitication and dose-response 
assessment. These two steps were first discpssed 
in the National Academy of Sciences’ publication 
entitled RirkAssesSmcnt m the Federal Governmsrt 
- Managing the procesS and more recently in 
€PA3 Guidelines for Cmcinogen Rirk Assesssmenr 
(NAS 1983, EPA 1986). The first step, hazard 
identification, is the process of determining 
whether exposure to an agent can cause an 
increase in the incidence of a particular adverse 
health effect (e.& cancer, birth defect) and 
whether the adverse health dect is likely to occur 
in humans. Hazard identification involves 
characterizing the nature and strength of the 
evidence of causation. The second step, dose- 
reswnse evaluation, is the prooess of 
quantitatively evaluating the toxicity information 
and characterizing the relationship between the 
dose of the contaminant administered or received 
and the incidence of adverse health effects in the 
exposed population. From this quantitative dose- 
response relationship, toxicity values (e.&, 
reference doses and slope factors) are derived that 
can be used to estimate the incidence or potential 
for adverse effects as a function of human 
exposure to the agent. These toxicity values are 
used in the risk charaaenza ‘ tionstep toestirme 
the likeljhood of adverse effects occurring m 
humans at different exposure levels. 

Toxicity assessment is an integral part of the 
overall Superfund site risk assessment. Although 

toxicity information is critical to the risk 
8ssessment, the amount of new toxicological 
evaluation of primary data required to complete 
this step is limited in most cases. P A  has 
performed the tdaq assessment step for 
numerous chemicals and has made available the 
resulting toxiciq information and toxicity values, 
which have undergone extensive peer review. At 
some sites, however, there will be significant data 
analysis and interpretation issues that should be 

This 
chapter provides step-by-step guidance for locating 
EPA toxicity ~ssessmezlts and accompanying 
values, and advises how to determine which values 
are most appropriate when multiple values adst 
Prior to this procedural discussion, background 

addressed by an experienced toxicologist. 
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information regarding EPA's methods for toxicity 
assessment is provided to assist the risk assessor 
in understanding the basis of the toxicity values 
and the iimitations of their use. The steps of the 
toxicity assessment are illustrated in Exhibit 7-1. 

Derivation and interpretation of toxicity 
values requires t&cological eqenise and should 
not be undertaken by those without training and 
experience. Detailed guidance for deriving toxicity 
values is beyond the scope of this document For 
those persons interested in obtaining additional 
information about EPA's methods for toxicity 
assessment, referenas to appropriate guidance 
documents are given throughout this chapter. 

7.1 TYPES OF TOXICOLOGICAL 
INFORMATION CONSIDERED 
IN TOXICITY ASSESSMENT 

This section summarizes information from 
several €PA documents (especWy EPA 1989a, f )  
on the basic types of data used in toxicity 
assessment As pan of the hazard identifmtion 
step of the toxicity assessment, EPA gathers 
evidence fnnn a variety of soutocs regardhg the 
potential for a substance to cause adverse health 
effects (carcinogenic and noncarcinogenic) in 
hpmans These sources may include controlled 
epidemiologic investigations, dinid snrdies, and 

experimental animal studies. supporting 

activity relationships. 

information may be obtained from sources such as 
in via0 test results and comparisons of structure- 

7.1.1 HUMAN DATA 

Wellconducted epidemiologic studies that 
show a positive association between an agent and 
a disease are accepted as the most convincing 
evidence about human risk At present, however, 
human data adequate to sewe as the sole basis of 
a dose-response assesment are available for only 
a few chemicals. Hnmana are generally exposed 
in the workplace or by accident, and because these 
types of exposures are not intentional, the 
circumstances of the exposures (concentration and 
time) may not be well known. Often the 
incidence of effects is low, the number of exposed 
individuals is small, the latent period between 
expasure and disease is long, and exposures are to 
mixed and multiple substances. E;xpobed 
populations may be heterogeneous, varying in age, 
sex, genetic constitution, diet, occupational and 
home environment, acciVity patterns, and other 
cultural factors affecting sasceptibility. For these 
reasons, epidemiologic data require careful 
interpretation. If adequate haman studies 
(confirmed for validity and applicability) exist, 
these studies are given first priority in the dose- 
response assessment, and animal toxicity studies 
are used 8s suppltive evidence. 



EXHIBIT 7-1 

STEPS EN TOXP- ASSESSMENT 

Step 1: Gather Toxicity information- 
Oualitathre and Quantitative- 
for Substances Being Evaluated 

Step 2 ldentity Exposure Periods for 
Which Toxicity Values Are Necessary 

t 
I' I1 

Step 3: Determine Toxicity Values for 
Noncarcinogenic Effects 

Step 4: Determine Toxicity Vakes for 
Carcinogenic Effects I 

Step 5: Summarize Toxicity lnfonnationl 
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Human studies havirig inadequate exposure- 
response information for a quantitative assessment 
are often used as supporting data Such studies 
may establish a qualitative relationship between 
environmental exposures and the presence of an 
adverse effect in exposed haman populations. For 
example, case reports of exposures resulting in 
effects similar to the types of effects observed in 
animals provide support for the conclusions drawn 
from the animal data 

7.13 ANIMALDATA 

The toxicity data base for most chemicals 
lacks sufficient information on toxic effects in 
humans. In such cases, EPA may infer the 
potential for the substance to cause an adverse 
effect in humans from toxicity infopation drawn 
from experiments conducted on non-human 
mammals, such as the rat, mouse, rabbit, guinea 
pig, hamster, dog, or monkey. The inference that 
humans and animals (mammals) are similar, on 
average, in intrinsic susceptibility to toxic 
chemicals and that data from animals can in many 
cases be used as a surrogate for data from humans 
is the basic premise of modem toxicology. This 
concept is particularly important in the regulation 
of toxic chemicals. There are occasions, however, 
in which observations in animals may be of 
uncertain relevance to humans. EPA considers 
the likelihood that the agent will have adverse 
effects in humans to increase as similar results are 
observed across sexes, suains, species, and routes 
of exposure in animal studies. 

7.1.3 SUPPORTING DATA 

Several other types of studies used to support 
conclusions about the likelihood of Occurrence of 
adverse health effects in humans are described 
below. At the present time, EPA considers all of 
these types of data to be supportive, not 
definitive, in assessing the potential for adverse 
health effects in humans 

Metabolic and other pharmacokinetic studies 
may be used to provide insights into the 
mechanism of action of a particular compound. 
By comparing the metabolism of a compound 
artu'biting a toxic effect in an animal with the 
conesponding metabolism in humans, evidence for 
the potential of the compound to have toxic 
effects in humans may be obtained. 

Studies using cell cultures or microorganisms 
maybe used to provide insights into a compound's 
potential for biological aaivity. For example, tests 
for point mutations, numerical and sauctural 
chromosome aberrations, DNA damagehepair, and 
cell vansfonnation may provide supportive 
evidence of carcinogenicity and may give 
information on potential mechanisms of 
carcinogenicity. It should be noted, however, that 
lack of positive results in short-term tests for 
genotoxicity is not amsidered a basis for 
discounting positive results in long-term 
carcinogenicity studies in animala. 

snuctareactivity studies (i% predictions of 

s t r u m )  are another potential source of 
toxicologic activity based on amlysis of chemical 

supporting data Under certain circumstances, the 
known activity of one compound may be used to 
estimate the activity of another struuurally related 
compound for which spedfic data are lacking. 

7.2 TOWCITY ASSESSMENT FOR 
NONCARCINOGENIC EFFECTS 

This section S- how the types of 
t d a t y  information presented in Seaion 7.1 are 
considered in the taxicity assessment for 
noncarcinogenic effeas A reference dose, or 
RfD, is the toxicity value used most often in 
evaluating noncarcinogenic effects resulting from 
exposures at Superfund sites. Additionally, One- 
day or Ten-day Health Advisories (HAS) may be 
used to evaluate short-term oral exposures. The 
methods EPA uses for developing FUDs and HAS 
are described below. Various types of RfDs are 
available depending on the exposure route (oral 
or inhalation), the critical effect (developmental 
or other), and the length of exposure being 
evaluated (chronic, subchronic, or single event). 
This section is intended to be a summary 
description ow, for additional details, rek to the 
appropriate guidelines and other sources listed as 
references for this chapter (especially EPA 1986b, 
EPA 1989b-9. 

A chronic RfD is defined as an estimate 
(with uncertainty spanning perhaps an order of 
magnitude or greater) of a daily exposure level for 
the human population, including sensmve 
subpopulations, that is likely to be without an 

.. 



appreciable risk of deleterious &em daring a 

to be protective for long-term exposure to a 
compound. As a guideline for Superfund program 
risk assessments, chronic RfDs generally should be 
used to evaluate the potential noncarcinogenic 
&ems llssociated with exposure periods between 
7 years (approximately 10 percent of a human 
lifetime) and a lifetime. Many chronic RfDs have 

RfD Workgroup and entered into the Agency's 
Integrated Risk information System (IRIS). 

lifetime, Chronic RfDs are specifically developed 

been reviewed and vwified by an inn-Agm~y 

More recently, EPA has begun developing 
subchronic RfDs rruDsb which are useful for 
charaaerizing potential noncarcinogenic effects 
associated with shorter-term exposures, and 
develoumenral FUDs fRfD,,,sb which are useful 
spedically for assessing potential developmental 
effects resulting from acposure to a compound. 
As a guideline for Superfund program risk 
assessments, subchronic FUDs should be used to 
evaluate the potential noneareinogenic effects of 
exposure pe!riods between two weeks and seven 

a particular activity is performed for a limited 
number of yean or when a &emid with a short 
half-life degrades to negligible comxntratiom 
within several months. Developmental RiDs are 
used to evaluate the potential effects on a 
developing organism following a single exposlue 
event 

 year^. Sufh Short-term expos are^ a result when 

7.2.1 CQNCEPT OF TBREsEI[oLD 

For many noncarcinogenic effects, protective 
mechanisms are believed to exist that must be 
overcome before an adverse effea is manifested. 
For example, where a large number 'of cells 
perform the same or similar function, the cell 
population may have to be significantly depleted 
before an effea is see& As a resalt, a range of 
exposures exists from zero to some finite value 
that can be tolerated by the organism with 
essentially no chance of expression of adverse 
effects. In developing a toxicity value for 
evaluating noncarcinogenic &em (Le., an RfD), 
the approach is to identify the upper bound of 
this tolerance range (Le., the maximum 
subthreshold level). Because variability exists in 
the human population, attempts are made to 
identify a subthreshold level protective of sensitive 
individuals in the population. For most chemicals, 
this level can only be estimate the RfD 
incorporates uncertainty bctors indicating the 
degree or extrapolation used to derive the 
estimated value. RfD spmmaries in IRIS also 
contain a statement expressing the overall 
confidence that the evaluators have in the RfD 
(high, medium, or low). The IUD is generally 
considered to have uncertainty spanning an order 
of magnitude or more, and therefore the IUD 
should not be viewed as a strict scientific 
demarcation between what level is toxic and 
nontoxic 

7.2.2 DEWVATIQN OF AN ORAL RfD (IUD,,) 

Iderptiqrins the erwcal study and determining 
the NOAEL In the development of oral IUDs, all 
available studies examhing the toadcity of a 
chemical following exposure by the oral route are 
gathered and judged for scientific merit. 
Occasionally, studies based on other exposure 
routes (e.&, inhalation) are considered, and the 
data are adjusted for application to the oral route 
Any differences between studies are recollciled and 
an overall evaluation is reached. If adeuuate 
human data am available, this information is used 
as the basis of the EUD. Otherwise, animal study 
data a osed; in these cases, a series of 
professional judgments are made that involve, 
among other considerations, an assessment of the 
relevance and scienti.6~ qpality of the experimental 
studies. If data from several animal studies are 
being evaluated, EPA first seeks to iden* the - 
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animal model that is most relevant to humans 
based on a defemiile biological rationale, for 
instance, using comparative metabolic and 
pharmacokinetic data In the absence of a spedes 
that is clearly the most relevant, EPA assumes 
that humans are at least as Sensitive to the 

tested Therefore, as a matter of science policy, 
the study on the most sensitive species (the 
species showing a toxic effect at the lowest 
administered dose) is selected as the critical Study 
for the basis of the RfD. The effect characterized 

(LOAEL) after dosimetric conversions to adjust 
for species differences is referred to as the critical 
toxic effect. 

substance as the most Sensitive animal species 

by the lowest-observed-adverse-effect-lever 

After the critical study and toxic effea have 
been selected, EPA identifies the aCperimental 
exposure level representing the highest level tested 
at which no adverse effects (including the critical 
toxic effect) were demonstrated. This highest 'no- 
observed-adverse-effect level" (NOAEL) is the key 
datum obtained from the study of the dose- 
response relationship. A NOAEL observed in an 
animal study in which the exposure was 
intermittent (such as five days per week) is 
adjusted to reflect continuous exposure. 

The NOAEL is selected based in part on the 
assumption that if the critical toxic effect is 
prevented, then all toxic effects are prevented. 
The NOAEL for the critical toxic effect should 
not be confused with the 'no-observedeffect level" 
(NOEL). The NOEL corresponds to the exposure 
level at which no effect at all has been observed; 
frequently, effects are observed that are not 
considered to be of toxicological sipfiance. In 
some studies, only a LOAEL rather than a 
1NOAELis available. The useofa LO= 

hawever, reQoireJ the use of an additional 
unceminy fanor (see below). 

ApplyingmcerrahtyIradons. TheEuDis 
derived from the NOAEL (or LOAEL) for the 
critical t&c effea by consistent application of 
uncenainty faaors (Ws) and a modifying factor 

multiples of 10 (although values less than 10 are 
sometimes used), with each fanor representing a 
spedfic area of uncertainty inherent in the 
extrapohtion h n  the available data. ?he bases 
for application of difiment uncertainty factors are 

(MF). The uncertainty factors genemlly mnsist of 

explained below. 

A UF of 10 is used to account for 
-tion in the general population and 
is intended to protect sensitive 
subpopulations (e&, elderly, children). 

e A UF of 10 is used when extrapolating 
fromanimaktohnmans. Thisfactoris 
intended to accbllllt for the interspecies 
variability between humans and other 
llmmmak 

o A UF of 10 is used when a NOAEL 
derived from a subchronic instead of a 
chronic study is used as the basis for a 
chronic RfD. 

o A UF of 10 is used when a LOAEL is 
used instead of a NOAEL This factor 
is intaded to account for the 
uncertaintyassociatedwithextrapolating 
from LO- to NO=. 

In addition to the UFs listed above, a modifying 
facto- 0 is applied. 

Q An h4F ranging from >O to 10 is 
included to reflect a qualitative 

unaxtainties in the critical study and in 
the entire data base for the chemical not 
explicitly addressed by the PreQding 
uncertainq fanars The default value 
for the MF is L~ 

professional assesmat of additional 

To calculate the RfD, the appropriate NOAEL 
(or the LOAEL if a suitable NOAEL is not 
available) is divided by the lprodua of all of the 



applicable uncertainty facton and the modifying 
factor. That is: 

IUD = NOAEL or LOAEU(UFZ x V F p  x 
ME) 

Oral RfDs typically are expressed as one 
significant figure in units of mgkgday. These 
concepts are shown graphically in EPA (1989g). 
To date, most RfDs developed by EPA and 
included in the sources listed in Seaion 7.4 are 
based on administered doses, not absorbed doses 
(see box on page 7-10). 

In inhalation arposures, the target tissue may 
be a portion of the respiratory tract or, if the 
contaminant can be absorbed and distriiuted 
through the body, some exaarespiratory organ. 
Because the pattern of deposition may influence 
concentrations at the alveolar exchange boundary 
or different tissues of the lung, the toxic health 
effect observed may be more directly related to 
the pattern of deposition than to the exposure 
concentration. Consequently, EPA considers the 

, and the deposition, clearance medmisms 
physiwchemical properties of the inhaled agent in 
detexmining the effective dose delivered to the 
target organ. 

7.2.3 DERIVATION OF AN IlWALA "ION 
0 

The methods EPA uses in the derivation of 
inhalation RfDs are similar in concept to those 
used for oral RfDq however, the actual *is 
of inhalation exposures is more complex than oral 
exposares due to (1) the dynamics of the 
respiratory system and its diversity asoss species 
and (2) differences in the physicochemical 

information can be found in EPA's Inrerim 
Methods for Devehpent of Inhalation Reference 
Doses (EPA 19894). 

properties of con taminants. Additional 

Identifying the critical study and determining 
the NOAEL Although in theory the identification 
of the critical study and the determination of the 
NOAEL is similar for oral and inhalation 
exposures, several imponant differences should be 
noted. In selecting the most appropriate study, 
EPA considers differences in respiratory anatomy 
and physiology, as well as differences in the 
physicochemical characteristics of the contaminant. 
Differences in respiratory anatomy and physiology 
may affect the pattern of contaminant deposition 
in the respiratory tract, and the clearance and 
redistribution of the agent. Consequently, the 
different species may not receive the same dose of 
the contaminant at the same locations within the 
respiratory tract even though both species were 
exposed to the Same partide or gas concentration. 
Differences in the physicochemical characteristics 
of the contaminants, such as the size and shape of 
a particle or whether the contaminant is an 
aerosol or a gas, also iufluence deposition, 
clearance, and redistriiution. 

Doses calculated in animals are converted to 
equivalent doses in humans on the basis of 
comparative physiological considerations (ag., 
ventilatory parameters, regional lung surface 
areas). Additionally, if the exposure period was 
discontinuous, it is adjusted to reflea continuous 
exposure- 

Applyins mcmtainty paccorS. The inhalation 
EUD is derived from the NOAEL by applying 
uncertainty factors similar to those listed above 
for oral RfDs. The UF of 10 is used when 
extrapolating from animals to humans, in addition 
to calculation of the human equivalent dose, to 
account for interspecific variability in sensitivity to 
the toxicant The resulting RfD value for 
inhalation expure is generally reported as a 
concentration in air (in mgh3 for continuous, 24 
hour/day exposure), although it may be reported 
as a corresponding inhaled intake (in mgflcg-day). 
A human body weight of 70 kg and an inhalation 
rate of 20 &/day are used to convert between an 
inhaled intake expressed in units of mgkgday and 
a concentration in air expressed in mg/m3. 

7.2.4 DERWATION OF A SUBCHRONIC RZD 
msl 

The chronic RfDs descr i i  above pertain to 
lifetime or other long-term exposures and may be 
wefly protective if used to evaluate the potential 
for adverse health effects resulting from 
substantially less-than-lifetime e~cpasures. For 
such situations, EPA has begun calculating toxicity 
values specifically for subchronic exposure 
durations, using a method similar to that outlined 
above for chronic RfDs EPA's Environmental 
Criteria and Assessment ofl6ice develops - 
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subchronic RfDs and, although they have been 
peer-reviewed by Agenq and outside reviewers, 
FUDs values have not undergone verification by an 
intra-Agenq workgroup (see Section 7.27). As 
a result, subchronic RfDs are considered interim 
rather than verified toxicity values and are not 
placed in IRIS. 

Development of subchronic reference doses 
parallels the development of chronic reference 
doses in concept; the distinction is one of 
exposure duration. Appropriate studies are 
evaluated and a subchronic NOAEL is identified 
The RfDs is derived from the NOAEL by the 
application of UFs and MF as outlined above. 
When experimental data are available only for 
shorter exposure durations than desired, an 
additional uncertainty factor is applied. This is 
similar to the application of the uncertainty factor 
for duration differences when a chronic RfD is 
estimated from subchronic animal data. On the 
other hand, if subchronic data are missing and a 
chronic oral RfD derived h m  chronic data exists, 
the chronic oral RfD is adopted as the subchronic 
oral RfD. There is no application of an 
uncertainty factor to account for differences in 
exposure duration in this instance. 

7.25 DERIVATION OF A DEVELOPMENTAL 
TOXICANT RfD (Rm&) 

In developing an RfDh evidence is gathered 
regarding the potential of a substance to cause 
adverse effects in a developing organism as a 
result of expasure prior to conception (either 
parent), during prenatal development, or 
postnatally to the time of sexual maturation. 
Adverse effects can include death, structural 
abnormality, altered growth, and functional 
defiaenaes. Maternal toxicity also is considered. 
The evidence is assessed, and1 the substance is 
assigned a weight-ofevidence designation 
according to the scheme outlined below and 
S U U U l M n d  . in the box in the opposite column. 
In this scheme, three levels are used to indicate 
the assessor's degree of confidence in the data: 
definirive evidence, adequate evidence, and 
inadequate evidence. The d a t i v e  and adequate 
evidence categories are subdivided as to whether 
the evidence demonstrates the oc~mce or the 
absence of adverse effects. 

After the weight-ofddence designanon is 
assigned, a study is selected for the identification 
of a NOAEL The NOAEL is converted to an 
equivalent human dose, if necessary, and divided 
by uncertainty hctors similar to those used in the 
development of an oral RfD. It should be 
remembered that the FUDd is based on a shon 
duration of a o s u r e  because even a single 
exposure at a critical time (e.&, during gestation) 
may be sufficient to produce adverse 
developmental effeas and that chronic exposure 
is not a prerequisite for developmental toxiaty to 
be manifested. Therefore, RfDd values are 
appropriate for evaluating single event exposures, 
which usually are not adjusted based on the 
duration of exposure. Additional information on 
the derivation of RfDd values is available in 
€PA'S Roped Amendments to the Guidelines for 
the HeawI Assessment of Suspect Developmental 
TaricanrS (EPA 1 W ) .  

7.2.6 QNE-DAY AND TEN-DAY HEALTH 
ADVISORIES 

Reference values that may be useful for 
evaluating potential adverse effects associated with 
oral exposures of shorter duration have been 
developed by the Office of Drinking Water. 
These values are known as One-day and Ten-day 
Health Advisories, which are issued as 
nonregnlamy guidance. Health Advisory values 
are concentrations of contaminants in drinking 
water at which adverse health effectr would not be 
expected to occur for an exposure of the spedfied 
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duration. The Healtb Advis~ry values are based 
on data describing noncarcinogenic effects and are 
derived by dividing a NOAEL. or LOAEL by the 
appropriate uncertainty and modifying factors. 
They are based on a 10-lrg child assumed to drink 
1 liter of water per day, and a margin of safety is 
included to protect sensitive members of the 
population. One-day and Tenday Health 
Advisories do not consider any carcinogenic risk 
associated with the exposure ewen if the compound 
is a potential carcinogen. For additional 
information on the derivation of Health Advisory 
values, refer to the Agency's guidance document 
(EPA 1989~). 

7.2.7 VERIFICATION OF BIDS 

EPA has formed an RtD Workgroup 
composed of members from many EPA offices to 
verify existing Agency RfDs and to resolve 
conflicting toxicity assessments and toxicity values 
within the Agenq. The Workgroup reviews the 
information regarding the derivation of an RfD 
Eor a substance and summarizes its evaluations, 
conclusions, and resemations regarding the R D  
in a standaniized summary form from one to 
several pages in length. This form contains 
information regarding the development of the 
RfD, such as the chosen effect levels and 
uncertainty factors, as well as a statement on the 
confidence that the evaluators have in the FUD 
itself, the critical study, and the overall data base 
(high, medium, or low). Once verified, these data 

evaluation summaries are! entered mm IRIS and 
are available for public access. 

Workpupapproved FUDs are referred to as 
verified RfDs Those RfDs awaiting workgroup 
approval are! referred to as interim Rfl[)s. At the 
time of this manual's publication, only chronic 
FUDs are being verified No workgroup has been 
established to verify subchronic RfDs or 
developmental RfDs 

73 TOXICITY ASSESSMENT FOR 
CARCINOGmC EFFECTS 

This section d e s c r i i  how the types of 
toxicity information presented in Section 7.1 are 
considered in the toxicity assessment for 
Gudnogehic effects A slope factor and the 
accompanying weight-of-evidence determination 
are the toxicity data most commonly used to 
evaluate potential human carcinogenic risks. The 
methods EPA uses to derive these values are 
outlined below. AdditionaI information can be 
obtained by consulting EPA's Guidelines for 
Cmnnogen Risk &essment (EPA 1986a) and 
Appendix B to IRIS (EPA 1989a). 

7.3.1 CONCEPT OF NONTHRESHOm 
EFFECTS 

Carcinogenesis, unlike many noncarcinogenic 
health effects, is generally thought to be a 
phenomenon for which risk evaIuation based on 
presumption of a threshold is inappropriate. For 
carcinogens, EPA assumes that a small number of 
molecular events can evoke changes in a single 
cell that can lead to uncontrolled cellular 
proliferation and eventually to a clinical state of 
disease. This hypothesized m e d m h n  for 
orrdnogenesis is referred to as 'nonthreshold" 
because there is believed to be essentially no level 
of exposure to such a chemical that does not pose 
a finite probability, however small, of generating 
a carcinogenic response. Tbat is, no dose is 

mcer risks, an effect threshold cannot be 
estinwted. For carcinogenic eEects, EPA uses a 
two-part evaluation in wbich the substance first is 
assigned a weight-ofeidence classi6cation, and 
then a slope haor is calculated. 

thought to be risk-- Therefore, in evaluating 
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7.3.2 ASSIGNING A WEIGHT OF EVIDENCE 

In the first step of the evaluation, the 
available data are evaluated to determine the 
IikelWd that the agent is a human carcinogen. 
The evidence is charactenied separately for hpman 
studies and animal studies a SUfficien& limitea, 
inadequate, no data, or evidence of no effect The 
cbaraaerizations of thee mu types of data are 
combined, and based on the extent to which the 
agent has been shown to be a carcinogen in 
experimental animals or humans, or both, the 
agent is given a provisional weieht-ofevidence 
dassif~cation. EPA scientists then adjust the 
provisional classification upward or dawnward, 
based on other supporting evidence of 
carcinogenicity (see senion 7.13). For a further 
description of the role of supporting evidence, see 
the EPA guidelines (EPA 1984%). 

The EPA classification system for weight of 
evidence is shown in the box in the opposite 
column. This system is adapted from the 
approach taken by the Intemational Agency for 
Research on Cancer (XARC 1982). 

7.33 GENERATING A SLOPE FACTOR2 

In the second part of the evaluation, based 
on the evaluation that the chemical is a known or 
probable human cardnogen, a toxicity value that 
defines quantitatively the relationship between 
dose and response (Le., the sloue factor) is 
calculated. Slope factors are typically calculated 
for potential carcinogens in dasses A B1, and B2 
Quantitative estimation of slope factors for the 
chemicals in class C proceeds on a case-bycase 
basis. 

Generally, the slope factor is a plausible 
upper-bound estimate of the probability of a 
response per unit intake of a chemical over a 
lifetime. The slope factor is used in risk 
assessmens to estimate an upper-bound lifetime 
probability of an individual developing cancer as 
a result of exposure to a particular level of a 
potential carcinogen. Slope fanoa should alwavs 
be accompamed by the weightdf-evidence 
classification to indicate the strength of the 
evidence that the agent is a human carcinogen. 

Identifying the appropriate data set In 
deriving slope faaon, the available information 

about a chemical is evaluated and an appropriate 
data set is selected. In choosing appropriate data 
sets, human data of high quality are preferable to 
animal data. If animal dam are used, the species 
that responds most similarly to humans (with 
respect to factors such as metabolism, physiology, 
and pharmacokinetics) is preferred When no 
clear choice is possible, the most sensitive species 
is given the gratest emphasis. Occasionally, in 
situations where no single study is judged most 
appropriate, yet seweral studies collectively support 
the estimate, the geometric mean of estimates 
from all studies may be adopted as the slope. 
This practice ensures the inclusion of all relewant 
data. 

Exirapolating to lower doses Because risk 
at low exposure levels is difficult to measwe 
diredy either by animal experiments or by 
epidemiologic studies, the development of a slope 
factor generally entails applying a model to the 
available data set and using the model to 
extrapolate from the relatively high doses 
administered to experimental animals (or the 
arposures noted in epidemiologic studies) to the 
lower exposare levels eagected for human wntact 
in the environment 



A number of mathematical models and 
procedures have been developed to extrapolate 
from carcinogenic responses observed at high 
doses to responses eJEpected at low doses. 
Different extrapolation methods may provide a 
reasonable fit to the observed data but may lead 
to large dif€erences in the projected risk at low 
doses. In IEeeping with EPA's Guideha for 
Crrninogen RirkAssasment (EPA 1986a) and the 
principles outlined in chcnucal ' Conurogen:A 

(0- l985), the choice of a low-dose 
extrapolation model is governed by consistency 
with ament understanding of the mechanism of 
audnogenesis, and not solely on goodness-of-fit 
to the observed tumor data. When data are 
limited and when uncertainly exists regarding the 
mechanisms of cardnogenic actio& the EPA 
guidelines and OSTP principles suggest that 
models or procedures that incorporate lowdose 
linearity are. preferred when ampati3le with the 
limited infomation available. EPA's guidelines 
recommend that the linearized multistage model 
be emplayed in the absence of adequate 
information to the con-. Among the other 
models available are the Weibull, probit, logit, 
one-hit, and gamma multihit models, as well as 
various time-to-tmor modek Most of these 
models are less consemthe (i.e., predict lower 
cancer potency) than the linearized multistage 
modet These concepts and models are shown 
graphically in EPA (1989g) and OTA (1981). 

Review ofthe science and ItslLssociared prinaples 

Deteruninh~cqprivapentbmumdotus. When 
animal data are used as a basis for extrapolation, 
the human dose that is equivalent to the dose in 
the animal study is calcaiated using the 
assumption that -rent species are equally 
sensitive to the effects of a toldcant if they absorb 
the same amount of the agent (in milligrams) per 
unit of body SarfaQ area. This assumption is 
made only in the absence of specific information 
about the equivalent doses for the chemical in 
question Because surface area is approximately 
proportional to the 213 power of body weight, the 
equivalent haman dose (in mglday, or other units 
of mass per unit time) is calculated by multiplying 
the animal dose (in identical units) by the ratio of 
humantoanimalbodyweightsraisedtotheu3 
power. (For animal doses arpressed as magday,  
the equivalent human dose, in the same units, is 
calculated by multiplying the animal dose by the 
ratio of animal to human body weights raised to 
the 113 power.) 

When using animal inhalation experiments to 
estimate lifetime human risks for partially soluble 
vapors or gases, the air concentration (ppm) is 
generally considered to be the equivalent dose 
between species based on equivalent exposure 
times (measured as fractions of a lifetime). For 
inhalation of particulates or completely absorbed 
gases, the amount absorbed per unit of body 
surface area is considered to be the equivalent 
dose between species. 

In general, afm the data are fit to the 
appropriate model, the upper 95th percent 
confidence limit of the slope of the resulting dose- 
response curve is calculated. This value is known 
as the slope factor and represents an upper 95th 
percent mnfidence limit on the probability of a 
response per unit intake of a chemical over a 
lifetime (Le., there is only a 5 percent chance that 
the probability of a response could be greater than 
the estimated value on the basis of the 
experimentad data and model used). In some 
cases, slope factors based on human dose-response 
data are based on the "best' estimate instead of 
the upper 95th percent confidence limits. Because 
the dose-response curve generally is linear only in 
the low- region, the slope factor estimate only 
holds true for low doses. Information wnceming 
the limitations on use of slope factors can be 
found in IRIS. 

Smnnraxy of dose-response parameters. 
Toxicity values for carcinogenic effects can be 
expressed in several ways. The slope factor is 
usually, but not always, the upper 95th percent 
confidence limit of the slope of the dose-response 
curve and is expressed as (mg/kg-day)-'. If the 
extrapolation model selected is the linearized 
multistage model, this value is also known as the 
e". That is: 

Slope bar = risk per unit dose 
= risk per mgkg-day 

Where data permit, slope factors listed in IRIS 
are based on absorbed doses, although to date 
many of them have been based on administered 
doses. (The quali6ezs related to absorbed versus 
administered dose give4 in the box on page 7-10 
apply to assessment of cancer risk as well as to 
assessment of potential noncarcinogenic effects.) - 



Toxialy values for tzxcinogellic effects also 
can be expressed in terms of risk per unit 
concentration of the substance in the medium 
where human contact occurs. T h e  measures, 
called unit risks, are calculated by dividing the 
slope factor by 70 kg and multiplying by the 
inhalation rate (20 &/day) or the water 
consumption rate (2 I i t d d a y ) ,  respectively, for 
risk assoQIu * ed with unit concenaation in air or 
water. where an absorptian fraction less than 1.0 
has been applied in deriving the slope factor, an 
additional conversion factor is nectswy in the 
calculation of unit risk so that the unit risk will 
be on an adrrtinistered dose basis. The 
S- ’ duration assumption for unit risks i s  
understood to be continuous lifetime exposure. 
Hence, when there is no absorption comrenion 
required: 

airunitrisk = riskperugfrd 
= slope factor x In0 kg x 

20 mJ/day x lo” 

water unit risk = risk per ug/L 
= slope factor x In0  kg x 

2 UQY x 1r3 

n e  multiplication by 1u3 is necessary to convert 
or Q,, is given in 

risk is givcn in 

7.3.4 VERLF’ICATIQN OF SLOPE FACXORS 

EPA formed the Carcinogen Risk Assessment 
Verification Endeavor (CRAVE) Workgroup to 
validate Agenq Carcinogen risk 8ssessments and 
resolve conflicting toxicity values developed by 
various program o h .  Workgroup members 
represent many difiermt EPA offices and are 
scientists cxperieaced in issues related to both the 
qualitative and quanamtive risk assessment of 
carcmogenic agents. Slope factors verified by 
CRAVE have undergane extensive peer review 
and represent an Agency co~lsepsus. CRAVE- 

Workgroup sumnraries) are entered into the IRIS 
data base 

v a e d  review sumrmvies (similar to RfD 

Using the methods outlined above, EPA has 
performed toxicity assessmeno for many chemicals 
found at Superfund sites and has made the results 
available for use. Tbis section provides step-by- 
step methods for locating appropriate taxicity 
information, induding numerical toxicityvalue& to 
be used in Superfund risk BssessmeLLts. k u s e  
one’s confidence in toxicity values depends heavily 
on the data base and the methods of extrapolation 
used in their development, guidam is also 
induded for iden-g the important information 
on which these values are based 

7.4.1 GATHER TOXICITY INFORMATION 
FOR CHEMICALS BEING EVALUATED 

In the h t  step of the toxicity assessment, 
information is colleaed regarding the toxic eftixts 
that occur following arpoaare to the chemical 
bcing evaluated. Particular attention. should be 
paid to the route of exposure, the kequency and 
length of exposure, and the dwes at which the 
adverse effects are eJrpected to OCCUT. Chemicals 
having potential reproductive or developmental 
effects should be flagged. Later in the evaluation, 
spadal reference doses for developmental effects 
can be sought for these chemicals. 

Several sources may provide useful toxicity 
information and references to primary literature, 
although only some of them should be used as 
sources for slope factors and reference doses (as 
explained below). 

lndegrrpted Risk Idonmtion system 0 . 3  
IRIS is an EPA data base amtaining up-to-date 
health risk and EPA regulatory information for 
numerous chemicals. IRIS contains only those 
RfDs and slope faaars that bave been verified by 
the RfD or CRAVE Workgroups and 
wnsequently, is coLlsidered to be the preferred 
source of toaddty inzormation. Information in 
IRIS SUDenedeS an other source5. om if 
information is not available in IRIS for the 

IRIS consists of a collection of 
computer tila on individual chemicals. Existing 
information on the chemicals is updated as new 
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scientific data are reviewed. New files and new 
chemicals are added as information becomes 
available. These chemical 6les contain descriptive 
and quantitative information m the following 
categories: 

e oral and inhalation chronic reference 
doses; 

e oral and inhalation slope factors and 
unit risks for chronic exposure to 
carcinogens; 

o Health Advisories from EPA's Office of 
Drinking Water; 

o EPA regulatoxy anion summaries; and 

o supplemental data on acute health 
hazards and physicaUchemica1 propenies. 

To ensure access to the most up-to-date 
chemical infomation, IRIS is only available on- 
line. For information on how to access this data 
base, call IRIS User Support at 513-569-7254 or 
see the Federel Reginpr notice regarding the 
availability of IRIS (EPA 198th). 

Should' EPA regional staff have specific 
technical or scientific questions about any 
verification workgroup's analysis of particular data 
cited in IRIS, the Agency contact for a panicular 
chemical (identified at the end of each IRIS file) 
should be consulted. If new data are identified 
suggesting that existing IRIS information may be 
ouulqted, or if there is concern or disagreement 
about the overall findings of particular files, the 
Agency IRE coordinator should be consulted 
The IRIS coordinator can assist in making 
arrangements should discassions with a verification 
workgroup be needed 

Health ERects Assessment Summary Tables 
CaEASa). Formerly "he Quanerly" and 
assodated references, HEtST is a tabular 
presentation of toxicity information and values for 
chemicals for which Health Effects Assessments 
(HEAs), Health and Environmental Effects 
Documents (HEEDS), Health and Environmental 
Effects Profiles OIEEps), Health Assasment 
Documems (HADs), or Ambient Air Quality 
Criteria Documents (AAQCDs) haw been 
prepared. HEAST summafizes interim (and some 

verified) RfDs and slope factors as well as other 
toldaty information for specific chemicals. In 
addition, HEAST directs readers to the most 
ament  sources of supporting toxicity information 
through an extensive referem section. Therefore, 
HEAST is especialry helpful when verified 
information for a chemical is not in IRIS. 
HEAST, which is updated quarterly, also provides 
a valuable pointer system for identwng current 
references on chemicals that are not in IRIS. 

HEAST can be obtained upon request from 
the Superfund Docket (FIS or 20232-3046). 
The Docket will mail copies of HEAST to callers 
and place requestors on a mailing list to receive 
an updated version quarterly. HEAs, HEEDS, 
HEEPs, HADs, and AAQCDs referenced in 
HEAST are available through EPA's Center for 
Environmental Research Information (CERI) in 
Cincinnati, OH (513-569-7562 or FIS 684-7562) 
or the National Technical Information senice 
(NTIS), 5285 Port Royal Road, Springfield, VA 
22161 (703-487-4650 or 800-336-4700). 

EPA criteria documents. These documents 
include drinkingwater criteria documents, drinking 
water Health Advisory summaries, ambient water 
quality criteria documents, and air quality criteria 
documents, and contain general toxicity 
information that can be used if information for a 
chemical is not available through IRIS or the 
HEAST references. Criteria documents are 
available through NTIS at the address given above. 
Information on drinking water criteria documents 
can be obtained through the Safe Drinking Water 
Hotline (800-426-4791). 

Agency for Toxic Substanas and Disease 
Registry (ATSDR) foxicological profiles. ATSDR 
is developing toxicological pro6les for 275 
hazardous substances found at Superfund sites. 
The first 200 substances to be addressed have 
been identified in FedemlRqpuwr notices (EPA 
1987, 1988b). These pro6les contain general 
toxicity information and levels of exposure 
associated with l e w t y ,  cancer, genotoxicity, 
neurotoxicity, developmental and reproductive 
toxiaty, immunotcncidty, and systemic toxicity (Le., 
hepatic, renal, respiratory, cardiovascaiar, 
gastrointestinal, hematological, musculoskeletal, 
and dermaVocalar effects). Health effects in 
humans and animals are discussed byexposure 
route @e., oral, inhalation, - and dermal) and 
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t 
duration (ic, acute, intermediate, and chronic). 
Also included in the profiles are chapters on 
physhchemical properties, environmental fate, 
potential for human exposure+ analytical methods, 
and regulatory and advisory status. Contact NTIS 
at the address given on the previous page for 
further information on the status or availability of 
a particular profile!. 

EPA's Environmental Criteria and 
Assessment Office! (ECAO). ECAO may be 
contacted at 513-569-7300 (FTS 684-7300) for 
general toxicological information as well as for 
technical guidance concerning route-to-route 
extrapolations, toxicity values for dermal 
exposures, and the evaluation of chemicals without 
toxicity values. The requestor should identify their 
need for a "rapid response request' (within 48 
hours) for interim guidance on Superfund health- 
related issues. Contractors must gwe the name 
and address of their RPM or regonal risk 
assessment contact before ECAO will respond. 
RPMs and regional contacts will be sent a copy 
of ECAOs response to the contractor. 

Open iiteratnre. A primary literature search 
may be valuable for determining whether new data 
are available that may affect IRIS information. 

7.4.2 DEIZRMRW TOXICITY VALUES FOR 
NONCARCINOGENIC EFFECTS 0 s )  

After geaeral toxicity information for the 
chemicals of wncern has been located, the next 
step is to iden- the appropriate toxiaty values 

to be used in evaluating noncarcinogenic effects 
associated with the spedfic exposures being 
assessed. Fmt, by referring to the exposure 
information generated in Chapter 6, the exposure 
periods for wbich toJridty values are neceSSary and 
the exposure route for each chemical being 
evaluated should be determined The appropriate 
toxicity values for the chemical for each exposure 
duration and route of expasure can then be 
identified using the source5 listed above. 

For Superfund risk assessments, chronic RfDs 
should be identified for evaluating exposure 
periods between seven yean and a lifetime, 
subchronic RfTh for exposure periods between two 
weeks and Seven years, and One- or Ten-day 
Health Advisories for oral exposure periods of less 
than nvo w e e k  According to EPA (198&), One- 
day Health Advisories a ~ e  applicable to exposure 
periods as long as five days and Ten-day Health 
Advisories are applicable to exposure periods as 
long as two weeks. Developmental RfDs should 
be identi5ed for evaluating single exposure events 
and other very shon exposures (e.g., one day). 
Note that for some substances and some exposure 
situations, more than one of the toxicity values 
listed above may be needed to adequately assess 
potential noncarcinogenic effects. 

Be€ause carcinogem ais0 commonly evoke 
noncarcinogeaic eBWs, R€Ds should be sougllt for 
allchemrarls - being carried through the risk 
asesment, induding carcinogens. The RfDs 
derived for cardnogens, however, are based on 
ncmcancex effects and should not be assumed to 



P- 7-16 

be protective against carcinogedcity. A sample 
format for summarihg Rfth and other toxiciq 
values is shown in miit 7-2 This information 
will be needed in the risk chantnerization step 
(see Exhiiits 8-3 and 8-4). 

7.43 DETERMINE TOXICITY VALUES FOR 
C A R ~ O G E N I C  EFFECTS O P E  
FACTORS) 

In this step of the toxicity assessment, 
appropriate toxicity values for evaluating the 
carcinogenic risks associated with exposure are 
identified. Fmt, by refezring to the ezposure 
information generated in Chapter 6, the mute of 
exposure for the potential carcinogens being 
evaluated should be identSed. Slope Eaaors for 
these chemicals can then be identified using the 
hierarchy of sources listed in the bax on page 
7-15. Slope factors for all potential carciqens 
having a weightofevidence ciassification of 4 B, 
or C should be sought A notation of the EPA 
weight-of-evidence chsiflcation should aIways be 
induded with the slope factor. A sample format 
for summaridng the required e a t y  values is 
shown in miit 7-3. This information Win be 
needed in the risk characterization step (see 
Exhiiit 8-2). 

7.5 EVALUATING CHEMICALS 
FOR WHICH NO TOXICITY 
VALUES AWE AVAILABLE 

If EPA-derived RfDs and slope faaors are 
available for the chemicals being w e d ,  these 
values should always be used in the risk 
assessment. Use of EPAderived toxicity values 
prevents duplication of effort and ensures 
consistency among risk assessmenft If EPA- 
derived toxicity values are not availab4 the 
following measures are recommended. 

75.1 ROUTE-TO-ROUTE EXTP(APOIATIQN 

For cases in which EPAderived toxicity 
values are not available for the route of arpospre 
being considered bot are available fw another 
route, EPA recommends amtacting ECAO for 

toxicity information is not available hm ECAO, 
aqualitativeratherthanquantitativeevaluationof 

guidance on route-to-mute anapolation. If 

the chemical is recommended. The implications 
of the absence of this chemical from the risk 
estimate should be discussed in the uncertainty 
SeEtiOIL 

75.2 DERMALEXPOSURE 

No RfDs or slope Eaaors are available for 
the dermal route of expasure. In some cases, 
however, noncarcinogenic or carcinogenic risk 
associated with dermal exposure can be evaluated 
using an oral RfD or oral slope factor, 
respeahely. EPArecommends contacting ECAO 
for guidance on appropriate methods for 
evaluating dermal eqmure for specific chemicals; 
some general guidance for calculating intakes via 
the dermal route and making appropriate 
comparisons with oral IUD values is given in 
Appendix A In briet, exposures via the dermal 
route generally are calculated and expressed as 
absorbed doses. These absorbed doses are 
compared to an oral toxicity value that has been 
adjusted, if neaxsary, so that it too is expressed 
as an absorbed dose. 

It is inappropriate to use the oral slope 
factor to evaluate the risk associated with dermal 
exposure to carcinogens such as benz(a)pyrene, 
which cause skin cancer through a direct action at 
the point of application. These types of skin 
carcinogens and other locally active compounds 
must be evaluated separately from the above 
method; consult ECAO for guidance. Generally 
only a qualitative assessment of risks &om dermal 
exposure to these chemicals is possible. This does 
not apply to carcinogens such as arsenic, which 
are believed to cause skin cancer through a 
systemic rather than local action. 

If information is not available from ECAO, 
the assessor shoald descn'be the effects of the 
chemical qualitatively and discuss the implications 
of the absence of the chemical from the risk 
estimate in the unoertarn ty seuion of the risk 
assessment 

7.53 GENERATION OF TOXICITY VALUES 

IfEPAderivedtoodcityvaluesareunavailable 
but adequate toxicity studies are available, one 
may derive toxiaty valnes using Agenq 
methodoha. Anysochderivationshouldbedone 
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EXAMPLE OF TABLE FORMAT FOR 
TOWCITY VALUES: POTENTIAL CARCINOGENIC EFFECTS 

chemical 
SF Basis/ 
SF Source 

Slope Factor (SF) Weight -of-Evidence we of 
(mtmdaY)-' Classification cancef 

Oral Route 

Benzene 

Chlordane 

o.m9* 

l3+ 

A+ 

B2" 

Leukemia 

I 

WatePi 
IRIS 

rnhalation Route 

..-. ..... ..-. ..... .e.. 

* Valnes for illustration only. 

' Identify q p e ( s )  of cancer in this table for Class A carcinogens only. 

Slope factor based on administered dose in drinking water and assumed absorption fraction of 1.0. 
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in conjunction with the regional risk assessment 
contact, who will submit the derivation to ECAO 
for approval. Contact with ECAO should be 
established early in the process to eliminate any 
duplication of effort because ECAO may have 
information on the chemical being evaluated. 

7.4 UNCERTAINTIES RELATED 
TO TOXICITY INFORMATION 

Toxicity information for many of the 
chemicals found at Superfund sites is often 
limited. Consequently, there are varying degrees 
of uncertainty associated with the toxiaty values 

toxicity values may include: 
calculated. sources of uncertainty associated with 

0 

0 

e 

An 

using dose-response information from 
effects observed at high doses to predict 
the adverse health effects that may occur 
following exposure to the low levels 
expected from human contact with the 
agent in the environment; 

using dose-response information from 
short-term exposure studies to predict 
the effects of long-term exposures, and 
vice-versa; 

using dose-response information from 
animal studies to predict effects in 
humans; and 

using dose-response information from 
homogeneous animal populations or 
healthy human populations to predict the 
effects likely to be observed in the 
general population consisting of 
individuals with a wide range of 
sensitivities. 

understanding of the degree of 
uncertainty associated with toxicity values is an 
important part of interpreting and using those 
values. Therefore, as part of the toxicity 
assessment for Superfund sites, a discussion of the 
strength of the evidence of the entire range of 
principal and supporting studies should be 
included. The degree of confidence ascribed to 
a toxicity value is a function of both the quality 
of the individual study from which it was derived 

and the wmplemess of the supporting data 
base. EPA--ed RfDs found in IRIS are 
accompanied by a statement of the confidence that 
the evaluators have in the RfD itself, the critical 
study, and the overall data base. All EPA-verif~ed 
slope factors are accompanied by a weight-of- 
evidence cks5cation, which indicates the 
lllrellhnnd that the agent is a human carcinogen. 
The weight-ofevidence classification is based on 
the completeness of the evidence that the agent 
causes cancer in experimental animals and 
humanr. These designations should be used as 
one basis for the discussion of uncertainty. 

. .  

The discussion of uncertainty also should 
include an indication of the extent to which an 
analysis of the results from different studies give 
a comatent, plausible picture of toxicity. The 
greater the strength of the evidence, the greater 
one’s confidene in the conclusions drawn The 
following factors add to the strength of the 
evidence that the chemical poses a hazard to 
humans and should be considered: 

o similar &em across species, strains, sex, 
and routes of exposure; 

o clear evidence of a dose-response 
relationship; 

o a plausiile relationship among data on 
metabolism, postulated mechanism of 
action, and the effect of concern (see 
Section 7.1.3); 

e similar toxicity exhibited by structurally 
related compounds (see Section 7.13); 
and 

e some link lbetween the chemical and 
evidence of the effect of concern in 
humans (see Section 7.1.1). 

High uncertainty (low confidence; low 
strength of evidence) indicates that the toxicity 
value might change if additional chronic toxicity 
data hecome available. Law uncertainty (high 
confidence) is an indication that a value is less 
likely to change as more data become available, 
because there is consistency among the toxic 
responses observed in different species, sexes, 
study designs, or in doseresponse relationships. 
The lower the uncertainty about toxicity values, 
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the more confidence a decision-maker can have in 
the risk assessment results. Often, high 
confidence is associated with values that are based 
on human data for the exposure route of concern. 

This section discussg methods for presenting 
toxicity information in the risk assessment 
document for the chemicals being evaluated. 

7.7.1 TOXICITY INFORMATION FOR THE 
MAIN BODY OF THE TEXT 

A short description of the toxic effects of 
each chemical camed through the assessment in 
non-technical language should be prepared for 
inclusion in the main body of the risk assessment. 
Included in this description should be information 
on the effects associated with exposure to the 
chemical and the concentrations at which the 
adverse effm are acpected to occur in humans. 
Toxicity values should be accompanied by a brief 
description of the overall data base and the 
particular study from which the value was derived. 
In addition, a notation should be made of the 
critical effect and any uncertainty factors used in 
the calculation. For any RfD value obtained from 
IRIS, a notation of the degree of confidence 
associated with the determination should also be 
included. To aid in the risk characterization, it 
should be indicated if absorption efficiency was 

considered and also what exposure averaging 
periods are appropriate for comparison with the 
value. 

Summary tables of toxicity values for all 
chemicals should be prepared for inclusion in the 
main body of the risk assessment report. RfDs in 
the table should be accompanied with the 
uncenainty factors llsed in their derivation, the 
confidence rating given in IRIS (if applicable), and 
a notation of the critical effect Slope factors 
should always be accompanied by EPA's weight- 
ofevidence classification. 

7.7.2 TOXICITY INFORMATION FOR 
INCLUSION IN AN APPENDIX 

If toxicity values were derived in conjunction 
with the regional risk assessment contact and 
ECAO for chemicals lacking EPAderived values, 
a technical documentatiort.,5wtification of the 
method of derivation should be prepared and 
included in the appendix of the risk assessment 
report. Induded m this explanation should be a 
description of the toxic effects of the chemical 
such as information regarding the noncarcinogenic, 
carcinogenic, mutagenic, reproductive, and 
developmental efiects of the compound. Also 
presented should be brief descriptions (species, 
route of administration, dosages, frequency of 
exposure, length of exposure, and critical effect) 
of the studies from which the values were derived 
as well as the achlal method of derivation. 
References for the studies cited in the discussion 
should be included. 
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CHAPTER 8 

RISK CHARACTERIZATION 

This chapter describes the final step of the 
baseline health risk assessment process, risk 
characterization. In this step, the toxicity and 
exposure assessments are summized and 
integrated into quantitative and qualitative 
expressions of risk. To characterize potential 
noncarcinogenic effects, comparisons are made 
between projected intakes of substances and 
toxicity values; to characterize potential 
carcinogenic effects, probabilities that an 
individual will develop cancer over a lifetime of 
exposure are.estimated from projected intakes and 
chemical-specific dose-response information. 
Major assumptions, scientific judgments, and to 
the extent possible, estimates of the uncertainties 
embodied in the assessment are a b  presented. 

Risk characterization also s e w  as the bridge 
between risk assessment and risk management and 
is therefore a key step in the ultimate site 
decision-making process. This step assimilates risk 
assessment information for the risk manager 
(RPM or regional upper management involved in 
site decision-making) to be considered alongside 
other factors important for decision-making such 
as economics, technical feasibility, and regulatory 
context. The risk characterization methods 
described in this chapter are consistent with EPA’s 
published risk assessment guidelines. Exhibit 8-1 
is an overview of risk characterization, and 
illustrates how it relates to the preceding toxicity 
and exposure assessments and to the refinement 
of preliminary remediation goals. 

In the following sections, the risk 
characterization methodology is described There 
are separate discussions for carcinogenic and 
noncarcinogenic effecrs because the methodology 
differs for these two modes of chemical toxicity. 
In addition to giving instructions for calculating 
numerical estimates of risk, this chapter provides 
guidance for interpreting, prtsenting, and 
qualifying the results A risk characterization 

cannot be considered comDlete unless the 
numerical sroressions of risk are accomDanied bv 
exolanatorv text intmretinc and aualifving the - results. 

8.1 REVIEW OF OUTPUTS FROM 
THE TOXCCITY AND 
EXPOSURE ASSESSMENTS 

Most sites being assessed will involve the 
evaluation of more than one chemical of concern 
and might include both carcinogenic and 
noncarcinogenic substances. The first step in risk 
characterization is to gather, review, compare, and 
organize the results of the exposure assessment 
(e.g., intakes for all exposure pathways and land- 
uses and for all relevant substances) and toxicity 
assessment (ag., toxicity values for all exposure 

1 ACRONYMSFORCHAPTER8 1 

. .. . 



a chemical or physical agenr E&pcmrc is quanti&& as &e amonat o f t k  a p t  
d the ogaruun (eg.. skin. Iunp, gut) and available fcr  atno@on. 

or cstlmstm (qualitatwe or quantitative) dtbc hqtmq, damdon, and 
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routes and relevant substances). IIhe foRowhg 
two subsections dtscrii how to organize the 
outputs from the exposure and toxicity assessments 
and how to check for the consistency and validity 
of the information from the preceding exposure 
and toxicity assessments. 

8.1.1 GATaERANDORCANIZE 
INFORMl4TION 

For each exposure pathway and land use 
evaluated m the e;xposure assessment, check that 
all information needed to characterize risk is 
available. The necessary exposure information is 
outlined in the box below. 

EXPOSURE INFORMATION NEEDED 
FOR RISK C&hRACTERIZATIQN 

For each chemical or substance evaluated in 
the toxicity assessment, use the checklist provided 
in the next box to ensure that all information 
needed to characterize risk is awilable. 

a12 MAKE FINAL CONSISTENCY AND 
VALIDrnCHEcg 

Check the consistency and validity of key 
assumptions common to the exposure outputs and 
the toxicity outputs for each contaminant and 
exposure pathway of concern. These assumptions 
include the averaging period for exposure, the 
exposure route, and the absorption adjustments. 
The basic prinaple is to ensure that the aposure 

estimates coxrespond as closely as possible with 
the assumptions used in developing the toxicity 
values. 

Averagiq period for exposnre. If the toxicity 
value is based on average lifetime exposure (e.g., 
slope factors), then the exposure duration must 
also be expressed in those terms. For estimating 
cancer risks, always use average lifetime exposure; 
La, convert Iess-than-Iifktime exposures to 
equivalent M e  values (see EPA 1986a, 
G~~ fop Ckhqgem Rkk Assessment). On 
the other hand, for evaluating potential 
noncarciuogenic effects of less-than-Iifetime 
exposures, do not compare chronic RfDs to short- 
term exposure estimates, and do not convert 
short-term expmxes to equivalent lifetime values 
to compare with the chronic RfDs Instead, use 
subchronic or shorter-term toxicity values to 
evaluate short-term exposures. check that the 
estimated acposare duration is saffidently similar 
to the duration of the exposure in the study used 
to idemtitj the toxic@ value to be protective of 
human health (parti- for subchronic and 

I 
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Shorter-term am). A toolicologist ShOald review 
the comparisons. In the absence of short-term 
toxicityvalues,thechronicRfDmaybeasedasan 
initial screening v a l n ~  Le., if the ratio of the 
short-term exposure value to the chronic IUD is 
less than one, concern for potential adverse health 
effects is low. If this ratio exceeds unity, however, 
more appropriate short-term toxicity values are 
needed to confirm the existence of a significant 
health threat. ECAO may be consulted for 
assistance in finding short-term toxicity values. 

I 5 I 
J3qlosIlre route. check that all toxiaty values 

used for each ‘exposure pathway being evaluated 
at the site a consistent with the route of 
exposure (e.&, oral to oral, inhalation to 
inhalation). It is not possible to extrapolate 
b e m n  exposure routes for some substanas that 
produce localized effects dependent upon the 
route of expos- For example, a to&ity value 
based on localized lung tumors that result only 
from inhalation exposure to a substance would not 
be appropriate for estimating risks associated with 
dermaleaposuretothesubstane. Atthistime, 
EPA considers it appropriate only to extrapolate - dermal mdty values bxn values derived for 
exposure It is not recommended that oral toxiaty 
reference values be extrapolated casualiy h m  
inhalation toxiaty values, although this+ 
extrapolation may be performed on a case+- 
basis in consultation with ECAO. In general, 
inhalation values should be extrapolated fTom 
oral values. (Also, see Seaion 75.1.) 

Inhalation RfDi values obtained hnn IRIS 
will usually be expressed as ambient air 
maamations (k, m&). instead of as 
admlnffterrd doses (LG mg/kg-day). It may be 
nccesary, therefore, to calculatethe RtDiin units 
of mgkg-day for comparison with the intake 
estimated in the eqmsure assessment The RfDi 
expnssed in mg/kg-day would be equal to the 

. .  

in m& multiplied ty 20 d air inhaled 
per person per day divided by 70 kg per person. 

Abearptionadjpstment ChefAthat the 
arpospre estimates and the toxiaty values are 
either both expressed as absorbed doses or both 
arpressed as intakes (Le. administered doses). 
hcept for the dermal route of exposure, the 
exposure estimates developed using the methods 
provided in Chapter 6 should be in the form of 
intakes, with no adjustments made for absorption. 
However, there are three types of absorption 
adjustments that might be oecessary or 
appropriate depending on the available toxicity 
information. Thesearedescnbedbelow. Sample 
calculations for these absorption adjustments are 
providedinAppeadixA 

(1) - - ures. The output of the 
exposure assessment for dennal exposure 
is qressed as the amount of substance 
absorbed per kg body weight per day. It 
tkefore may be necessary to derive an 
absorbeddose toxicity value from an 
administereddosetoxicityvalue tocompare 
with the exposure estimate. See Appendix 
A 60r sample calculations 

(2)Absorbeddose toxicitv value. For the 
substanas for which the micity value is 
arpresSea as an absorbed rather than 
administered dose (e& inhalation slope 
factor in IRIS for trichloroethylene and 
several other substanas), one should 

ratherthanasanintake. SeeAppendixA 
apress exposure 8s an absorbed dose 

(3)Adiustment for medium of exoos me. 
Adjusting for Merent relative absorption 
efsdencies based on the medium of 
acpospre (e+, food, soil, or water for oral 
exposure, vapor or particplates for 
inhalation exposure) is occasionally 
appropriate, but not generally 
reammended unless there are strong 
argumentsfordoingso. ManyoralRfD 
a n d s l ~  Eactorvalnes Bsspme ingestion in 
water evea when based on studies that 
employed administmion in corn oil by 
gavageorinseeb ~us,inmostotses,the 
unadjusted taaciaty value will provide a 
reasonable or amseavatbe estimate of risk 
seeAppendixk 



This section daxibts steps for qoantifying risk 
or hazard indices 
noncarcinogenic egtas to be applied to each 
eqxxure pathway amlyzd. The B t  subsection 
covers procedures for individual substances, and 
is followed by a subseaion on procedures for 

eposures to several substances. Sample table 
formars for recording the results of these 

information related to uncerrain~~ and absorption 

84. 

for both carcinogenic and 

quantiiying risb associated with simulurneous 

calctdatioap as wen as recording assodated 

a%tments are provided in Efhiits 8-2 through 

C m h q e d c c f R E c r a  Forcarcinogens,risks 
are estimated as the incremental probability of an 
individual developing cancer over a lifetime as a 

(Le., incremental or excess individual lisetime 
cancerrisk). Thegpidelinespmvidedinthis 
section are consistent with EPA's (198611) 
Ckrdcruraw Crmcmogrn Rirk Assessmau. For 
some carcinogens, there may be sufadent 
idonnation on mecbanrun - of action that a 
modificaton of the approach outlined below is 
warranted. Altemativeapproachesmaybe 
ansidered in coxtsuitation with ECAO on a case- 
by- bask 

=ult of expure to the potential cardnagen 

. .  
However, tbis linear equation is valid only at 

low risk Levels (ic, below estimated risks of 0.01). 
For sites where chemical intaka might be high 
(Le., risk above Wl), an alternate calcalation 
equation should be used. The onehit equation, 
which is amsistent with the linear lowdose modej 
@ea above and desaibed in the box on page 
811, should be used instead 

BeCanse the slope huor is often an upper 
95th percentile wnfidenoe limit of the ,probability 
of response b a s e d o a ~ t a l a n i m n l  data 
used in the m p l t i s t a g e ~  thecardnogenic risk 
estimate will gumally be an UDDer-bound 
eSrimate. 'h is means that EPA is reason&& 
cbnfident that the 'trpe riSF will not m the 
risk estimate daned through use of this model 
and is likely to be less than that predictca 



EXHIBIT 8-2 

EXBMPEE OF TABLE FORMAT' FOR CANCER MSK ESTIMATES 

h10' 

1x10' 
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potential for noncarcinogenic e&cts is evaluated 
by comparing an exposure level over a specified 
time period (cg., lifetime) with a reference dose 
derived for a similar exposure period. This ratio 
of exposure to toxicity is died a hazard quotient 
and is described in the box in the opposite 
Column. 

The noncancer hazard quotient assumes that 
there is a level of e3cposwe (Le., RfD) below 
which it is mlikely for even sensitive populations 
to experience adverse health effects. If the 
exposure level (E) exceeds this threshold (ie., if 
E N D  exceeds unity), there may be aoncern for 
potential nonQIIIcer effects. As a rule, the greater 
the value of E/RfD above unity, the p t e r  the 
level of Con- Be sure. howeve r. not to 
intemret ratios of E/RfD as statistical 
probabilities; a ratio of 0.001 does goJ mean that 
there is a one in one thousand chance of the 
effect occuning Funha, it is imponant to 
emphasize that the level of con- does not 
increase linearly as the RfD is approached or 
enrrpdul beeame RfDs do not have qual 
accuxaq or pfecision and arc not bascd on the 
same severity of tadc effeus. 'Ihus, the slopes of 
the dosercsponse c u m  in excess of the RfD can 
range widely depending on the substanoe. 

Three erposure durations that will need 
separate consideration for the possibility of 
adveFsenoncardnogenic health eflensarcchronic, 

subchronic, and ShOrter-term e~rposures AS 
guidance for Superfund, chronic exposures for 
hamans range m duration from seven yean to a 
lifetime; such long-tesm exposures are almost 
always of ooncem for Superfund sites (e.&. 
inhabitants of nearby residences, year-round users 
of specif id drinking water sources). Subchronic 
human exposures range in duration from nvo 
weeks to seven years (as a Superfund program 
guideline) and are often of concern at Superfund 
sites. For ezample, children might attend a junior 
high school near the site for no more than two or 
threeyears &posureslessthantwoweek~in 
duration arc occasionally of concern at Superfund 
sites. For example, if chemicals known to be 
developmental toxicants are present at a site, 
short-term arposares of only a day or two can be 
of aoncern. 

8.2.2 AGGREGATE RISKS FOR MULTIPLE 
SUBSTANCES 

At most Superfand sites, one must assess 
potentid health effects of more than one chemical 
p t h  carcinogens and other trrdants). 
Estimatingriskorhatardpotcntialbyco~ 
one dtemid at a time might signi!jcantly 
underestimate the risk llssocjatcd with 
simultauans apospns to several mbmmcs. To 
~sscss the Cmran potentiel for caner and 
no- etfects posed by multiple chemicals, 

Hcrr l ihRiskRrscrsrmntofchonical~~that  
can also be applied to the case of simultaneous 
exposures to several chemicals kom a variety of 

EPA (1w16b) has developed CYidJinrs for* 



xlprccs by more than one arposare pathway. 
Although the calculation procedpns differ for 
Carcinogenic and noncarcinogenic effects, both sets 
of procedures assume dose additivity in the 
absence of information on speciiic mixtures. 

Information on specific mimws found at 
Superfund sites is rarely available Even if such 
data exist, they are often Malt to 
Monitoring for 'mixturg" or modeling the 
movement of mixrpres acfoss space and time 
present technid problems givea the likeIihood 
that individual m m p e n r s  will behave dilbently 
in the environment @e., fate and transport). If 
data available on the mixnveS present at the 
site, but are not adequate to support a 
quantitative duation, note the infonuation in 
the "assumptions' documentation. 

Cmhgenic  c8tects. The cancer risk equation 
d e s a i i  in the box below estimates the 
incremental individual lifetime cancer risk for 
simultaneous acposme to several carcinogens and 
is based on EPA's (l986a.b) risk assessment 
guidelines. This equation represents an 
approximation of the precise equation for 
combining risks which accounts for the joint 
probabilities of the same individual developing 
cmcez as a consexpence of expo6ure to two or 
more cardnogens The difkrence between the 
precise equation and the approadmation dgcnbed 
in the box is negligible for total cmcer risks less 
than 0.1. 'n~us, the simple additive equation is 
appropriate for most Superfund risk assessments. 

The risk summation techniques described in 
the box on this page and in the footnote assume 
that intakcs of individual substances are small. 
They also assume independence of action by the 
compounds involved (Le., that there are no 
synergistic or antagonistic chemical interactions 
and that all chemicals produce the same effect, 
Le, cancer). If these assumptions are incorrect, 
over- or underetimation of the actual multiple- 
substance risk could result. 

Calculate a separate total cancer risk for each 
acposure pathway by summiug the substance- 
spedfic cancer risks. Resultine cancer risk 
estimates should be ex~re!ssed usinn one sienificant 
fim o w .  Obviously, the total cancer risk for 
each pathway should not exceed 1. Exhibit 8-2 
provides a sample table format for presenting 
estimated cancer risks for specified exposure 
pathways in the Total Pathway Rislc' column. 

There are several limitations to this approach 
that must be acknowledged. First, because each 
slope factor is an upper 95th percentile estimate 
of potency, and because upper 95th percentiles of 
probability disuiiutions are not strictly additive, 
the total cancer risk cstimate might become 
artificially more conservative as risks from a 
number of different carcinogens are summed. If 
one or two carcinogens drive the risk, however, 
this problem is not of concern. Second, it often - -  
will be the case that substances with different 
weights of evidence for human carcinogenicity are 
included. The cancer risk equation for multiple 
substances sums an oucinogens equally, giving as 
much weight to class B or Cas to dass A 
cardnogeas. In addirion, slope facton derived 
from animal data will be given the sameweight as 
slope hctors derived from human data Fmally, 
the action of two difierenr cardnogens might not 
be independent. New tools for assesshg 
carcinogen interactions are becoming m b l e  
(e.& ArcoJ et al. 1988). and should be amsidered 
in mnsultation with the RPM The signi6cance 
of these amcerns ghen the cirmms- at a 

with the Other information descn'bed in section 
86 

p a r c i c l r l a r s i t e s h o u l d b e ~  and presented 

Noncsrdnogcnlc CtitCcLg To assess the overall 
potential for mmcamimgenic dkts posed by 
more than me chemid, a hazard index (HI) 
approach has been developed based on EPA's 



f o r H c r r l t h R i s k ~ o f  (1-1 - . .  
ChanicolMiapCrrs. This approach assumes that 
Simlrltanwus subthreshold exposures to several 
chemic& could result in an adverse health effen 
It also assumes that the magnitude of the advefte 
effect will be proportional 10 the sum of the mtias 
of the subthreshold exposares to accepIIlble 
exposures. Thehazardin&isequaltothesum 
of the hazard quotients, as descn'bed in the bax 
below, where E and the IUD represeat the same 
exposure period (cg., subchronic, chronic, or 

unity, there may be amam for potential health 
effects. While any single chemical with an 
exposure level greater than the toxicity value will 
c a a  the hazard in& 10 eBeeed unity, for 
multiple chemical exposures, the hazard indes can 
also exceed unity even if no single chemical 
exposure epeeeds its RfD. 

ShOrter-tcrm). when the hazard index e 

It is imporrant to calculate the hazard index 
separately for chronic, s u b c b m ~  and shorter- 
term expure periods as dacnbed below. it is 
also impanant to nemcmbe+ to include RfDs for 
the noncancer cE&ts of cardnogenic spbsurna~. 

(1) Hen- *opepic effects - chronic 
~ ~ o s u f c s .  F o r e a c h c h r o n i c ~ p r e  
pathway (ik rn year to lifethe 
acposure). calculate a separate chronic 
hazard in& from the ratios of the chronic 
daily intake (CDI) to the chronic referena 

dose (RfD) for individual chtmicals as 
d&ri%d in the b below. W i i t  8-3 
provide a sample table format for 
recOrding these remits in the 'Pathway 
Hazard indac' column. 

mEx I . 

(2)J+rou~onenic e f k a  - subchronic 

pathway (ie, two week to seven year 
B~SUTCS. For each subchronic eqosure 

apospre),calcnlateaseparatesubchronic 
hazard iuck b m  the ratias of the 
sabchronic daily intake (SDI) to the 

hdividnalE)ltmiarL9adescn"bedinthebax 
on the next page W i i t  8-4 provides a 
mnpk table format for rearrding these 
resplts in the .pathway Hazard Inda' 
column. Add only those ratios 
correspondingtosPbchronicarposruesthat 
will be arpriing simaltaneously. 

sabchronic referen= dose pJ for 



effects following exposures of only a few 
for thr Health days. * - 

AsXsmaU of SLUpca DevelbpmuuaI 
ToriCrma (EPA 1% €PA 1989) for 
mer guidance. 

. .  

There are several limitations to this approach 
that must be acknowledged. As mentioned earlier, 
the 1-1 of amem does not increase linearly as 
the referenoe dose is approached or exuxded 
because the RfDs do not have equal aanvacy or 
precision and are not based on the same severity 
of e f k a  Moreover, hazard quotients are 
combined for substances with FUDs based on 
critical efeeas of varying toxicological significmce. 
Also, it will often be the case that RfDs of 

mcmtahty adjuslmems and modifying faaors will 

humans, h n  LO- to NO- from one 
expome duration to another). 

varying levels of c o ~ ~  that include diffmnt 

be combined (Cg, aaapoktion from animals to 

Another limitation with the hazard index 
approach is that the assumption of dose additivity 
is most properly applied to compounds that 
induce the same efka by the s ~ m t  mechanism of 
action. Consequently, application of the hazard 
index equation to a number of wmpounds that 
are not qccted to induce the same type of 
ef€cus or that do not act by the same mechanism, 
although appropriate as a w g - l c v e l  
approach, amld OvQCstimate the potential for 

e&as T h i s ~ i i l i t y i s g e n ~ n o t o f c o n o a n  

than unity as a amsequence of spmmu~ - g- 

if only one or two substances arc responsible for 
drivingtheHIabweunity. IftheHIisgrcater 

hazard quotients of similar value, it would be 
appropriate to segregate the compounds by effea 
and by mechanism of d o n  and to derive 
separate hazard indices for each p u p .  

scgregatioa dhacerd indices. Segregation of 
hazard indices by effect and mechanism of action 
can be aomplex and timGconsaming because it is 
neceStacy to identify all of the major efEects and 
target organs for each chemical and then to 
classify the chemicals according to target organ@) 
or mechilILtrm - ofaaion. manah5 is is not 
simDle and should be Derfwm ed bv a toxiwloeist. 
If the segregation is not carefully done, an 
underestimate of true hazard could result. Agency 
review of particularly complex or controversial 
cases cm be requested of ECAO through the 
regional risk assessmeat support SUE 

The procedure for tecalculating the hazard 
index by effect and by mechanism of action is 
briefly desnibtd in the box on the next page. If 
one of the effect-smc hazard indices exceeds 
unity, consideration of the mechaLlls m of action 
might be warranted. A smng case is required, 
however, to indicate that two compounds which 
produce advene &kts  on the same organ systan 
(eg., liver), although by dmrenl mechllItls 'ms, 
should not be treated as dose additive Any such 
deurmination should be reviewed by ECAO. 

If there are specific data germane to the 

compounds are present at the same site and it is 
known that the combination is dive times more 
toxic than the sum of toxkitie for the nvo 
compounds), then modify the development of the 
hazard index Bcaordingly. Refer to the EPA 
(1-1 - guiddines for discusion of a 

quantitative interacaon * daralfdataonchemical 
interactions are available, but are not adequate to 
support a quantitative asessmnt, note the 
inkmation in the 'ammptbW being 
documented for the site rislt assmmea~ 

assumption of * -  -y (tLb if two 

hazard ink quation that i n v r a t c s  
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8.3 COMBINING RISKS ACROSS 
EXPOSURE PATHWAYS 

This section gives directions for combining the 
multichemical risk estimates acros crposure 
pathways and provides guidance for determining 
when such aggregation is appropriate, 

In some Superfund site situations, an 
individual might be exposed to a substane or 
combination of sub6tances through smral 
pathways. For example, a single individual might 
be exposed to substance(s) from a hazardous waste 

site by consuming contaminated drinking water 
from a well, eating conzaminated 6sh caught near 
the site, and through inhalation of dust originating 
from the site. The total exposure to various 
chemicals will equal the sum of the exposures by 
all pathways. One should not automatically sum 
risks from ad exposure pathways evahateh for a 
site, however. 'Ihe following subsections describe 
how to identify exposure pathways that should be 
combined and, for these, how to sum cancer risb 
and noncaucer hazard mdiccs across multiple 
=P-= Pathways, 

8.3.3.11 IDENTIFY REASONABLE EXPOSURE 
PATEWAY COMBINATIONS 

There are two steps required to determine 
whether risks or hazard indices for two or more 
pathways should be combined for a single exposed 
individual or group of individuals. The first is to 
identify reasonable exposure pathway 
combinations. The second is to examine whether 
it is likely that the individuals would 
consistently face the "reasonable maximum 
exposure' (RME) by more than one pathway. 

Identifj! exposure pathways that have the 
potential to scpose the individual or 
subpopulation at the key exposure areas evaluated 
in the exposure assessment, making sure to 
consider areas of highest exws ure for each 
pathway for both current and future land uses 
(cg.. nearest downgradient well, nearest dowmm ' d  
receptor). For each pathway, the risk estimates 
and haard indices have been developed for a 
particular exposure area and time pen* they do 
not necessarily apply to other locations or time 
periods. Hence, if two pathways do not affect the 
same individual or subpopulation, neither 
pathway's individual risk estimate or hazard index 
affects the other, and risks should not be 
combined. 

Once reasonable exposure pathway 
combinations have been identified, it iS ntQssary 
to examine whethex it is lilceQ that the 
individuals would consistently face the RME as 
estimated by the methods described in Chapter 6. 
Remember that the RME estimate for each 
exposure pathway includes many consematbe and 
upper-bound parameter values and assumptions 
(e.&, upper 95th confidence limit on amount of 
water ingested, upper-bound duration of occupancy 



of a single residence). Also, some of the exposure 
parameters are not predictable in either space or 
time (e.&, maximum dowwVind concentration may 
shift compass direction, maximum ground-water 
plume concentration may move past a well). For 
real world situations in which contaminant 
concenvations vary over time and space, the same 
individual may or may not experience the RME 
for more than one pathway over the same period 
of time. One individual might face the RME 
through one pathway, and a different individual 
face the RME through a different pathway. Only 
if you can explain why the key Rh4E assumptions 
for more than one path- apply to the same 
individual or subpopulation should the RME risks 
for more than one pathway be combined. 

In some situations, it may be appropriate to 
combine one pathways RME risks with other 
pathways' risk estinxates that have been derived 
from more typical exposure parameter values. In 
this way, resulting estimates of combined pathway 
risks may better relate to RME conditions. 

If it is deemed appropriate to sum risb and 
hazard indices across pathways, the risk assgsor 
should clearly identify those exposure pathway 
combinations for which a total risk estimate or 
hazard index is being developed. The rationale 
supporting such combinations should also be 
clearly stated. Then, using the methods d e s a i i  
in Sections 8.3.2 and 833, total cancer risk 
estimates and hazard indices should be developed 
for the relevant exposure areas and individuals (or 
subpopulations). For example, Exhiiits 8-2 and 
8-3 illustrate the combination of cancer risk 
estimates and chronic noncancer hazard indices, 
respectively, for a hypothetical nearby residential 
population exposed to contaminants from a site 
by two exposure pathways: drinking contaminated 
ground water from ,private wells and ingestion of 
contaminated fish caught in the local river. In 
this hypothetical example, it is "known" that the 
few families living next to the site consume more 
locally aught fish than the muaining community 
and have the most highly contaminated wells of 
the area. 

The following two subsections desaibe how to 
sum risks and hazard indices for multiple exposure 
pathways for carcinogenic and noncarcinogenic 
substances, respedvely. 

83.2 SUMCANCERRl[SIB 

Fmt, sum the cancer risks for each exposwe 
pathway conm3uting to arposure of the same 
individual or subpopulation. For Superfund risk 
assessments, cancer risks from various exposure 

the risks are for the same individuals and time 
period (i-e., las-than-lifetime exposures have all 
been converted to equivalent lifetime exposures). 
This summation is descn'bed in the box below. 
The sample table format given in Exhibit 8-2 
provides a place to record the total cancer risk 
estimate. 

pathways are assumed to be additive, as long as 

As dermbed in Section 8.22, although the 
exact equation for combining risk probabilities 
includes terms for joint risks, the Werence 
between the atact equation and the approximation 
descr i i  above is negligible for total cancer risks 
of i e s ~  than ai. 

To assess the omall potential for 
noncarcinogenic e&us posed by several exposure 
pathways, the total hazard index for each exDosure 
duration fie.. chronic subchronic. and shorter- 
term) should be calculated SeDarately. This 
equation is descn'bed in the box on the next page. 
The sample table format given in miit 8-3 
provides a place to record the total exposure 
hazard index for chronic exposure durations. 

When the total hazard index for an exposed 
individual or group of individuals ezceeds unity, 
there may be concern for potential noncancez 
health e#eas. For multiple e3cposure pathways, 
the hazard index can exceed unity even if no 
single expure pathway hazard index excezds 
unity. Ifthetotalhazardindexegceedsunityand - 
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where: where: I 
calculated separately far 

I peiriods. 

t -"XI.,. 1 , ,. I. . . .  I . -  

if combining exposure pathways has resulted in 
combining hazard indices based on Merent 
chemicals, one may need to consider segregating 
the contributions of the different chemicals 
according to major effect (see Section 8.2.2). 

8.0 ASSESSMEPJTm 
PRESENTATION OF 
UNCERTAINTY 

This section dhcuses practical approaches to 
assessing uncertainty in Superfund site risk 
assessments and desaibes ways to present key 
information bearing on the level of con5dence in 
quantitative risk estimates for a site The risk 
measures used in Superfund site risk assessments 

but conditional estimates givu~ a considerable 
number of assumptions about aposure and 
toxiaty (e&. risk given a paniarlar future land 
use). Thus, it is important to fuIly specify the 
assumptions and uncertahtia inherent in the risk 
assessment to place the risk estimates in proper 
penpecrive. Another use of uncertainty 
charaaerization can be to identify areas where a 
moderate amount of addilicmal data collection 
might significantly improve the basis for selection 
of a rrmedial alternative. 

usually are not fpllv D robabiliptc atimates of risk 

Highly quantitative statistical oneertatn 'ty 
analysis is usually not practical or necessay for 
Superfund site risk m m e n t s  for a number of 

reasons, not the least of which are the resoufce 
reqpiremenrS to collea and analyze site data in 
such a .yay that the r s u l s  can be presented as 
valid probability distributions. As in all 
emironmental risk assessmeats, it already is 
known that uncertainty about the numerical 
resnlts is generally iarge (Le, on the range of at 
least an order of magnitude or grater). 
Cbnseqnently, it is more important to identify the 
key site-related variables and assumptions that 
amm3ute most to the uncertainty than to 
pmisely quanti@ the degree of uncertainty in the 
risk assessment. Thus, the focus of this section is 
on qualitativeisemiqmtitathe approaches that 
can yield wful information to dedsion-makcrs for 
a limited resource investment 

There are several categories of uncertaintia 
associated with site risk assessments. One is the 
initial selection of substanus used to characterize 
expaspres and risk on the basis of the sampling 
data and available toxicity information. Other 
souras of uncertainty 8 f e  inherent in the toxiatv 
values for each substance used to characterize risk 
Additional unarminties are inherent in the 
exwspre assessment for individual substance and 
mdividual clcposures. These uncertainties are 
usuaily driven by uncertainty in the chemical 
monitoring data and the models used to estimate 
exposure concentrations in the absence of 
monitoring data, but can also be driven by 
population intake parameters. Finally, additional 
uncertainties are incorporated in the risk 
assessment when exposures to several substances 
~ ~ 0 5 s  multiple pathways are summed. 

The following sllbsections describe how to 
summarize and discxlss important site-specific 
apasore Uncertainties and the more general 
toxicity assesmexu uncertainties. 

8.4.1 I D E N p l F y ~ E V A L U A T E  
IMPORTAN" SITESPECIFIC 
UNCERTAINTY FACl'QRS 

UaQTeainties in the errposare BssessmeIlt 
typicany include most of the sitespedfic 
uncertainties inherent in risk characterization, and 
thus are particularly important to summarhe for 
each- Inriskassessmentsingenerakandin 
the ap~sure assessment in particular, several 
sounxs of uncertainty need to be addressed: (1) 
ddhdtion of the physical setting, (2) model 
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applicability and assumptions, (3) transport, tate, 
and srposun parameter values, and (4) tracking 

Some of these sources of unasainty can be 
quantified while others are best addresed 

pnCenainty, or how mcertam - ties are magnified 
through the various steps of the assessment 

qualitatively. 

Defhition of the physical setting. The initial 
characterization of the physical setting that defines 
the risk itssessment for a Superfpnd site involves 
many professional judgments and assumptions. 
These indude definition of he eurrezlt and future 
land uses, identification of po&%le emosure 
pathwavs now and in the fpmre, and selection of 
substances deteud at the site to include in the 
quantitative risk assessment. In Superfund risk 
assesnmts, particuiar attention should be given 
to the following aspeas of the definition of the 
physical setting. . L i k e l i h O o d O f ~ D a  thwavs and land 

o s e s ~ o a c p m n  g. Alargepartofthe 
risk assessment is the estimation of cancer 
risks or hazard hdius that are conditional 
on the existence of the apospre Qmdjtjons 
aaafytede.g.,ifaresidentialdeveiopment 
is built on the site 10 years Wrn now, the 
health risks assoQated * withcontaminants 
from the site would be X It is important 
to provide the RPM or other rblr manager 
with information related to the likelihood 
that the assumed conditions will oac~u to 
allow interpretation of a amditional risk 
estimate in the proper amtex~ For 
example, if the probability titat a residential 
deveiopment would be built on the site 10 
or 50 years from now is vwg small, 
difserent risk management decisions might 
be made than if the probability is high. 
Preseut the information collected during 
=ping and for the apospre assessment 
that will help the EtPM to identify the 
r e i a t i v e l i k c l i h n n d O f O 0 f e a c h  
exposare pathway and land use, at least 
qualitativciy (e& instiuuional land-ast 
Wnmk zQnin& regioaat devdopar#nt 
P h ) .  

e n e  chunicaIs not induded in the 
riskestimateasaamscquence q- 

of missingindormation on hcaIthef6ecs or 
lack of quantitatkm in the chemical 

. .  

amlysis may represent a significant source 
of mKxrtainty in the final risk estimates. 
If chemicals with known health e&cu were 
eiiminated Wm the risk assessment on the 
basis of concentration or frequency of 
deteuion, one should now review .and 
confirm whether or not any of the 
chemicals previously eliminated should 
actually be included. For substances 
detected at the site, but not included in the 
quantitative risk Bsscssment because of data 
limitations, discuss possible consequences 
of the aalusion on the risk assessment 

A checklin of uncertainty factors related to the 
definition of the physical setting is described in 
the box below. 

--a=-P-s-'Ihere 
is atways some dollbtar to bowwellan aposure 
model or its marhcmatical apnssion (c.g., 
ground-water tmcpxt model) approximatea the 
true relationships bemeen site-speci€ic 
envfnmmental QmditioIIs Ideally, onewould like 
to use a fdlyvatidated model that acwunts for all 
the known compkitie in the parameter - 
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interrelationships for each a ~ ~ c ~ ~ m e ~ t  At prerent, 
however, only simple, partiauy validated models 
are available and commonly used. As a 
corsequence, it is important to identiry key model 
assumptions (e.& linearity, homogeneity, steady- 
state conditions, equiliirium) and their pomtial 
impact on the risk estimates. In the absence of 
field data for model validation, one could e m  
a limited sensitivity analysis (Le., vary assumptions 
about functional relationships) to indicate the 
magnitude of uncemhty that might be associated 
with model form. At a minimum, one should list 
kqt model assumptions and indicate the potential 
impact of each on risk with respect to both 
direaion and magnitude, as shown in the bool 
below. A sample table format is presented in 
Exhrbit 6-21 of chapter 6. 

Parameter value umermi~ty. During the 
course of a risk asesment, numerous parameter 
values are included m the calculations of chemical 
fate and transport and human intake. A first step 

the baseline riskassessment is to identiry the key 

accomplished by arpeat opinion or by an explicit 
sensitivity *is. in a sensitivity anakys& the 
values of parameters snspeacd of driving the risks 
are varieU and the degree to which changes in the 
input variables result in changes in the risk 
estimates arc S- and compared (q., the 
ratio of the change in output to the change in 

in characterizing parameter value un-ty in 

parameters innuendng risk This Usllally can be 

input). It is imporrant to snmmarire the 
Unceltainty assodated with key 8s 
descsibed below. 

e Siprnificaot site data ~ I I  might have 
required that CeRain parameter values be 
assmnedfortheriskaascssment For 

e 

example. no information on the frequenq 
with which individuals swim m a nearby 
stream might be available for a site, and an 
assumed Wuenq and duration of 
swimming events based on a national 
average could have driven the exposure 
estimate for this pathway. 

Sienificant data uncertainties might exist 
for other parameten, for example, whether 
of not the available soil concentration 
measurements are representative of the 
true dism3ution of soil conraminant 
ooncentrations. 

Traddng m e l y .  Ideally, one would like 
to carry through the risk assessment the 
uncertainty afsxmed with each parameter in 
ordertocbaracterae * theuncerraintyassodated 
with the final risk estimates. A more practical 
approach for Superfund risk assessments is to 
describe qualitatively how the uncertainties might 
be magnified or biased through the risk models 
used. General quantitative, semi-quantitati% and 
qualitative approaches to uncertainty analysis are 
described below. 

Quantitative 8DDToach. On the rare 
occasions that an RPM may indicate the need for 
a quantitative uncertainty analysis should one be 
undenaken. As mentioned earIier, a highly 

usually not practical or necgsary for Superfund 
sites. 

quantitative statistical pnoenaiaty analysh is 

If a quantitative analysis is undemken for a 
site, it is nccesary to inwlve a statistician in the 
design and interpretation of that analysis. A 
quantitativeapproachtocharacterizinguncertainty 
might be appropriate if the exposure models are 
simple and the values for the key input 

step would be to charaaenze ' the probability 
disuibutions for key input parameter values 
(either using measured or assumed dismiutions). 
The seeond step would be to propagate panmeter 

anghrtic (e.&, firstorder Taylor series 
appmximation) or numerid (e.& Monte Carlo 
simulation) methods, as appropriate Anatycic 
methods might be kasible if thexe are a few 
parameters with known distriiutions and linear 
relationship& Numerical metbods (e.& Monte 

parametersare~uImowrr. Inthis-the6rsl 

value rurcerrainties through the ana&& using 



Carlo simulation) can be suitable for more 
complex relationships, but must be done on a 
computer and can be resoufce intensive even with 
time-saving techniques (eg., Latin Hypercube 
-piing). 

Tbu common techniques of propagating 
uncertainty are firstorder amlyses and Monte 
Carlo simulations. Fmtader amlysis is based on 
the assumption that the total variance of a model 
output variable is a fpnaion of the variances of 
the individual model inpat variables and the 
sensitivity of the output variable to changes in 
input variables The ScIlsitjVity of the output 
variable is defined by the &st derivative of the 
function or model, which can be generated 
analytically or numerically. A Monte Carlo 
simulation estimates a disaibution of aposans or 
risk ]by repeatedly solving the model equation(s). 
The probability dismbution for each variable in 
the model must be de6ned. The computer selects 
randomly h m  each distribution everg time the 
equation is solved. From the resulting output 
distribution of arpclsures or the assessor am 
identifj the value corresponding to any specified 
percentile (e.& the 95th percentile in the 
exposure dismbution). 

These quantitati= techniques require 
definition of the disvlbaton of all input 
parameters and lcnowtedge of the degree of 
dependence (ie., cwariance) among parameters 
The value of firstorder analysa or Monte Carlo 
simulations in estimating exposure or risk 
probability dismbutions diminishes sharply if one 
or more parameter value dism3utions are poorly 
defined or must be assumed. These techniqaes 
also become dif6cult to document and to review 
as the number of model parameters increases, 
Moreover, estimating a probabiliq dkm3ution for 
exposures and risks can leadone into a -sense 
of certainty about the anahffis. Even in the most 
comprehensive amQses, it will generally be true 
that not all of the sources of unaxtainty can be 
accounted h r  or all of the parameter 
codependencies recognkd. Therefore, in addition 
to documenting all input dismbutions and 
covariances, it is very important to idenufy all of 
the assumptions and incomplete information that 
have been aceooILfed for in the quantitative 
uncenainty analysis (e.& likelihood that a 
particular land use will occur) when presenting the 
resplts. 

Rditrenas aescsibing numerical methods of 
propagating pnccrcainry through a risk analysis 
indude B.wnaster and vcm Stacltelberg (1988). 
Hoffinm andl Gardner (1983), iman and Heluin 
(1988), and NRC (1983). References describing 
~ m e t h o d s o f a a c k i n g p n c e n a t n  - ty include 
Hofb~an and Gardaa (1983). NRC (1983). 
Dolrrrming ct uf. (1985), and Benjamin and Cornell 
(1970). 

Semi-auantitative awroach. Often available 
data are insflcient to fully descnbt parameter 
distributions, but are suf6aent to descrii the 
potential range of values the parameters might 
assume. In this situation, sensitivity analyses can 

variables and to *lop bounds on the 
distribution of exposure or risk A sensitivity 
analysis am estimate the range of exposures or 
risk that result [rom combinations of minimum 
and &um values for some parameters and 
mid-range values for others. The uncertainty for 
an 8sscpsment of this ype could be characterized 
by presenting the ranges of exposure or risk 
generated by the sensitivity analysis and by 
describing the limitations of the data used to 
estimate plausible ranges of model input variables 
(EPA 1985). 

be llsed to identify influential model input 

Oualitative auuroach. Sometimes, a qualitative 
approach is the most practical approach to 
dgcn’bing uncertainty in Superfand site risk 
assessments given the use of the information (e.& 
iden- areas where the resula may be 
misleading). Often the most practical approach 
to characterizing parameter uncertainty will be to 
develop a quantitative or qualitative description of 
the uncertainty for each parameter and to simply 
indicate the p i b l e  influence of these 
uncertamties on the final risk estimates given 
kndedge of the models used (eg., a specific 
ground-water vansport model). A checklist of 
uncertainty factors related to the definition of 
parameten is descn”bed in the box on page 8-22 
A sample table format is provided in Exhilit 
621  of Chapter 4 

Consider presentation of information on key 
parameter uncertainties in graphic form to 
flustrate clearly to the RPM or other risk 
managers the sisnifirance of various assumptions. 
For example, Exhiit 8-5 plots assumptions 
regardingamtiimhated fish ingestion and resulting 
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EXHIBXT E 5  

EXAMPLE OF PRESENTATION OF IMPACT OF EXPOSURE ASSUMPTIONS 
ON CANCER MSK ES'X'lMATE 

Ingestlon e0 Fish Contaminated with Chemical X 
(30 mg X/Kg Fish Wet Weight) 

1 

05.5 

10 20 30 40 

G ramslPersonlDay 

50 60 

Q 
fhe riak of developing cancer I8 plottee on I b g  wale. A rlsk of 1041ndlcate$ 8 probability 
of 1 chance In 10.000 end a ria of fO*Mkatea, 8 probablllty of 1 cbnce in 1 0 0 ~  of an 
Indhridwl developing carno. 
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hpacts on the cancer risk estimate for this 
srposure pathway. Exhibit 8-6 illustrates the 
significance of these same assumptions for the 
hazard index estimates for contaminated &h 
consumption. Additionally, maps showing 
isopleths of risks resulting from modeled air 
exposures such as emissions near the site may 
assist the RPM or risk manager in Visuaiizing the 
signifiornce of current or future site risks for a 
community. 

For substances that collpibute mast to the 
estimates of cancer risk and noncancer hazard 
indices, summari# the uncenainy inherent in the 
toldcity values for the durations of acposure 
Bssessed Some of the infomation (eg., weight of 
evidence for potential human carcinogens, 
uncertainty adjustments for n o n w  toadcity 

values) has already been recorded in the sample 
tableformats provided in l3hiits 8-2 through 
84. Other information will be developed daring 
the toxicity amessment itself (see Chapter 7). 
The box on page 8-24 provides a cheddist of 
uncertainties that apply to most toxicity 
assessments. 

Multiple substance npc#rue uncatainties. 
Uncertara ties assocjated with summing risk or 
hazard indices for several substances are of 
particular concern in the risk characterization step. 
The assumption of dose additivity ignores possible 
synergisms or antagOniSms among chemicals, and 
assumes similanry in mechanisms of action and 
metabolism. Unfortunately, data to assess 
interactions quantitatively are generally laclcing. 
In the absence of adequate information, EPA 
guidelines indicate that olrdnogenic risks should 
be treated as additive and that ncmcancer hazard 
indices shoaid also be treated as additive. ? h a  
assumptions are made to help prevent an 
underestimation of cancer risk or potential 
noncancer health effects at a site. 

Be sure to discuss the availability of 
information concerning potential antagonistic or 
synergistic effects of chemicals for which cancer 
risks or hazard indices have been summed for the 
Same exposed individual or subpopulations. On 
the basis of available insOrmatiOn concerning 
target organ spedficity and mechanism of action, 
indicate the degree to which treating the cancer 
risk as additive may over- or anderetimate risk 
If only qualitative information is available 
concerning potential interactions or dose-additivity 
for the noncarcinogenic substances, discuss 
whethez the information indicates that hazard 
indices may have been over- or under-estimated. 
This discnssioa is particularly important if the 
total hazard index for an exposure point is slightly 
below or slightly above unity, or if the total 
hazard index exceeds unity and the effect-specific 
hazard indices are less than unity, and if the 
ancertainty is likely to si-atly influence the 
risk management decision at the site. 

This section desaibes how to compare the 
results of the risk chaactenza ' tion step with 
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EXAMPLE OF PRESENTATION OF HIMPACT OF EXPOSURE ASSUMPTIONS 
ON HAZARD INDEX ESTIMATE 
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ATSDR health assessments and other site-speciiic 
human studies that might be available. The first 
subsection outlines how to compare an AITSDR 
health assessment for the site with the risk results 
summarized in the previous sections (Sections 8.2, 

when epidemiological or health studies might 
provide useful information for assessing exposures 
and health risks associated with contaminants 
from a site. 

83, and 8.4). The second subsection d' lSCUSSeS 

85.1 COMPARE WITH ATSIDB HEALTH 
ASSESSMENT 

ATSDR health assessmenrs w e n  defined and 
compared to the RUFS risk assesmat in Section 
222 As of 1989, prelinunary ATSDR health 
assessments should be wmpleted besore the RUFS 
risk assessment is initiated and therefore should 
be available to the risk assessor as eariy as 
"scoping." The steps for cwqaring the 

preliminary ATSDR health assessment with the 
baseline risk assessment are outlined below. 

Review again the ATSDR health assessment 
findings and conclusions. These will be largely 
qualitative in nature. If the ATSDR health 
assessment identifies exposure pathways or 
chemicals of concern that have not been included 
in the RUFS baseline risk assessment, describe the 
information supporting the decision not to include 
these parameters If there are differences in the 
qualitative conclusions of the health assessment 
and the quantitative conclusions of the baseline 
risk assessment, explain the differences, if possible, 
and discuss their implications. 

85.2 COMPARE WITEP OTIIER AVAILABLE 
SITE-SPECIFIC EPIDEMIOLOGICAL 
ORHEALTHSTUDIES 

For most Superfund sites, studies of human 
exposure or health effeas in the sumunding 
population will not be available. However, if 
controlled epidemiological or other health studies 
have been conducted, perhaps as a consequence 
of the preliminary ATSDR health assessment or 
other community involvement, it is important to 
include this information in the baseline risk 
assessment as appropriate. However, not all such 
studies provide meaningful information in the 
context of Superfund risk assessments. 

One can determine the availability of other 
epidemiological or health studies for populations 
potentially exposed to contaminants from the site 
by contacting the ATSDR Regional 
Representative, the Centers for Disease Control 
in Atlanta, Georgia, and state and local health 
agencies as early in the risk assessment process as 
possible. It is important to avoid use of anecdotal 
information or data from studies that might 
include a significant bias or confounding factor, 
however. Isolated repons of high body levels of 
substances that are known to be present at the 
site in a few individuals living near the site are 
not sacient  evidence to wn&m the hypothesis 
that these individuals have received significant 
exposum from the site. Nor can isolated reports 
of disease or symptoms in a few individuals living 
near the site be used to confirm the hypothesis 
that the cause of the health effecrs in these 
iadividuak was e~cposure to contamination from 
the site. A trained euidemiobvist should review - 
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anv available studies in order to identifv DOSS ible 
studv limitations and imolications for site risk 
findines. The small populations and variable 
exposures predominating at most Superfund sites 
will make it extremely dif6cult to d e w  site- 
related effects using epidemiological techmqws 

If site-specific health or exposure studies have 
been identified and evaluated as adequate, one 
should incorporate the study @3ngs into the 
overall risk characterization to strengthen the 
conclusions of the risk assessment (e.g., the risk 
assessment predicts elevated blood lead levels and 
the human exposure study documented elevated 
blood lead levels only among thm exposed to 
ground water contaminated by the site). Because 
of the generally large and -rent types of 
uncertainties assodated with the risk assessment 
and actual health studies, a qualitative, not 
quantitative, comparison between the two types of 
studies is generally warranted Areas of 
agreement and disagreement between the health 
study(ies) and the risk assessment should be 
described and factors that might contribute to any 
disagreement discwed. 

a6 S-mONAND 
PRESENTATIQN OF TIHE 
BASELINE RISK 
CHARACTERIZATION 
RESUL,TS 

This section provides guidance on interpreting 
and presenting the risk characterization results. 
The results of the baseline evaluation should not 
be taken as a characterization of absolute risk. 
An important use of the risk and hazard index 
estimates is to highlight potential sources of risk 
at a site so that they may be dealt with effectively 
in the remedial process. It is the responsibility of 
the risk assessment team to develop conclusions 
about the magnitude and kinds of risk at the site 
and the major uncertainties affecting the risk 
estimates. It is the responsibility of the risk 
assessment team to evaluate the signi6cance of the 
risk in a program context, or whether and how 
the risk should be addressed, which are risk 
management decisions. 

The ultimate user of the risk characterization 
results will be the RPM or other risk manager for 

the site This section therefore outlines a 
presentation of material that is designed to assist 
the risk manager in using risk information to 
reach siteapecific decisions. 

8.6.1 S- RISK INFORMATION IN 
TEm 

The 6nal discussion of the risk characterization 
results is a key component of the risk 
charaaaiprtan. The discPssioa provides a means 
of placing the numerical mimates of risk and 
hazard in the oontex of what is known and what 
is not known about the site and in the context of 
decisions to be made about sekction of remedies. 
At a minimum, the discussion should include: 

0 

0 

e 

e 

e 

e 

e 

confidence that the key site-related 
con taminantswereidentilklanddiscussion 
of am taminant concentrations relative to 
background conctnaation ranges; 

a description of the various types of canax 
and other health risks present at the site 
(e.& liver toxicity, neurotoxicity), 
distinguishing betareen known effects in 
humans and those that are predicted to 
occpf based on animal eJcpenments; 

level of confidence in the quantitative 
toxicity intormation used to estimate risks 
and presentation of qualitative information 
on the toxiaty of substances not included 
in the quantitative assessment; 

level of confidence in the exposure 
estimates for key exposure pathways and 
related acposure parameter assumptions; 

the magnitude of the cancer risks and 
noncancer hazard Mas relative to the 
Superfund site remediation goals in the 
NCP (e.& the cancer risk range of 1@ to 
lo-' and noncancxx hazard index of 1.0); 

the major faaors redadng the certainty in 
the results and the significance of these 
untxminties (e.& adding risks over sevefal 
substance8 and pathways); 
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e comparison with site-spedfic health studies, 
when available. 

In additioa if the size of the potentially 
exposed population is large, the presentation of 
population numbers may be of assistance to the 
RPM, epcially in evaluating risgp in the context 
of curreat land use Individpal risk estimates 
based on the rtajonable maximum exposare 

should not be presented as representative 
of a broad€y d e e d  populat.iOn, however. 

A tabular sommarp of the cancer risks and 
noncancer hazard indices should be prepared for 
all exposure pathmysand landusesandyzed and 
for all substances carried through the risk 
assessment These tabla must beaccompanied by 
explanatory text, as aesenbed in the previous 
seaion, and should not be allowed to stand alone 
astheentireriskcbarancnza tion. The sample 
table Gmmats presented m chapter 6 and in 
Exhiits8-2tos-6pravidebasfcspmmaryformats. 
Exhiits 8-7 and 8-8 provide examples of optional 
presentations that might assist in visualization of 
the risk -ent rsults. These bar graphs 
present the basdine cancer risk estimatasand 

~ ~~~~~ 

-=--=p-i=ly.bypathway 
for an identilled subpopulation near the site The 
stacked ban in IXuiit 8-8 allow the reader to 
immediately iden* the pathway(s) conm%uting 
most to the total hazard index as well as identQ 
thesobatanaesdrivingtheindi~ineachpathway. 
Reference levels are also provided (e& hazard 
index of 1.0). miits 8-5 and 8-6 inaodnced in 
Section 8.4.1 provide examples of figpres that 
au ld  help the RPM or other risk manager 
visualize the impact of various assamptions and 
unccnainties on the final risk or hazard index 
estimate In addition, graphics relating risk level 
(or magnitude of hazard index) to concentrations 
of subJtanas in environmental media and cost of 
*treatment* could allow the RPM or other risk 

alternatives more easily. Fjeamples of the last type 

manual 

manager to weigh the benefits ofvarious remedial 

of graphics are presented in Part'C of this 

In a few spedaa anduding parapphs, 
summarize the resgts of the risk charactenntox, ' n  
step. It is the responsibility of the risk assesmat 
team members, who are -with all steps in 
the site risk assessmeat, to highlight the major 
conclusions of the risk assessment "he discmsion 
should snmmarin  both the qualitative and the 
quantitative hdings of cancer risks and noncancer 
hazmls, and properly qualify these by mention of 
major assumptions and Uncertainties in the 
assessment 
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EXAMPLE OF PRESENTAPgON OF RELATIVE COPrrWIBUTPON OF INDIVIDUAL 
CHEMICALS TO EXPOSURE PATHWAY AND TOTAL CANCER RISK ESTIMATES 

Nearby Resident Population 
Excess Lifethe cancer Risk 9 3 x 10 

Public Water Supply 

c 2 x 104(B2) 

Contaminated f ish 

4 x 104(B2) ........................................ 

7 x IO4 (A) .................. 

................. 

10 - 

Exposure Pathway 

a 
'bhe risk of developing cancer Q plotted on a log scale. A ti& of 1041ndicates a probability 
of 1 chance in 10,oaO of an individual developing CBCPC(BP. Risks of 10bad 1O4conespond to 
probabilities of 1 chance in 100,OOO and 1 darancg in l ~ ~ ,  mspectkely. Vahres In 
panenthesea represent EPA's weight-od-evidenca classrticatbn of the agent as a potentla1 
human caminogen: A :: human mminogen; and B2 t pmbabk human carcinogen 
(with sutncient evWnce h animals a d  inadequate OP no evedencg In humans). 



EXAMPLE OF PRESENTATION OF WELATIYE CQN"WBWON OF INDIVIDUAL 
CHIEMKXLS TO EXFOSURE P A W A Y  AND TOTAL HAZARD INDEX ESTIMATES 

I 
O S  

Exposure Pathway I 
I 
I 

I 
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This chapter provides tools for the 
documentation, review, and management of the 
baseline risk assessment These tools Win help 
ensure completeness abd consistency throughout 
the risk assessment and in the. r e p t h g  of 
assessment results. section 9.1 provides 
documentation tools (for risk asseyors), Section 
9.2 provides review tools (for risk assessment 
reviewers), and Section 9.3 provides management 
tools (for rem- project managers [RpMs] and 
other decision-makers concerned with the site). 

Throughout Chapters 4 to 8 of this manual, 
guidance is provided to the risk ~SSCSSOT on how 
to snmmarin and document many beginnin& 
intermediate, and final step of the risk 
assessment The purpose of this d o n  is to 
consolidate that guidance, provide a final check to 
ensure that all appropriatC documentation has 
been completed, and provide additional 
information that should be helpful. This section 
addresses (1) basic principles of documenting a 
Superfund site lisk assessment (e.& k q  'dos' and 
don'ts", the rationale for consistency), (2) a 
suggested outline and guidanm fbr the risk 
assemeat repon, and (3) guidance for providing 
risk assessmeat summaries in other key reports. 

9.LL WCPIRIN- 

(1) address the main objectives of the risk 
-c 

(2) communicate using clear* concise, and 
relevant text, graphics, and tables; and 

(3) oseaconsistentformat. 

Adhsshg  the objedves. The objeaives of 
the baseiine risk asesment - to help determine 
whether additional response aaion is necessay at 
the site, to provide a basis for dewmining 
residual ChemiCaI levels that are adequately 
proteuive of public health, to provide a basis for 
amparing potential health impacts of various 
remedial alternatives, and to help support 
selection of the ho-action' remedial alternative 

amfully during the documentation of the risk 
assessment Reqnihgtheseobjeaiveseariy 
and presenting the results of the risk assessment 
with them in mind win assist the RPM and other 
dedsion-malpes at the site with readily obtaining 
and using the necasaIy information to evaluate 
theobjectwes Failing to recognize the 
importance of the eeaivcs oould result in a risk 

ed and/or awssment repon that appears mod~ea 

(where appropriate) - Shopld bc considered 

. .  

Coammdcathg. Clearlyandconcisely 

qeusoftheentireRYFS. Ifdonecorrealy,a 

threatswillhrrvebaeadcveloped Ifdone 
incorrectiy, however, risks could be 
rmderemphasized, possibly leading to the 

communicating the relevant results of the risk 
-t CBLL be one of the most important 

USefuliImnmen t for mitigating public health 



- P w  9-2 

occurrence of adverse health effects, or they could 
be overemphasized, possibly leading to the 
unnecessary expenditure of limited resources. See 
the box beiow for some helpful hints on 
communicating the baseiine risk assessment 

Many skills for commmicating the baseline 
risk assessment also can be learned by reviewing 
the literature on risk ~ ~ m m ~ ~ l l ~ a t l ~  ' 'n. ?he 
following box lists just some of the titerame tbat 
is available. Courses on the subjea also exist 

Using a asistent fanmat A consistent 
format for aIl Superfand risk 8ssessments is 
strongly recommended for four important reasans: 

(1) it encourages consistency and 
completeness in the assessment iaelf; 

(2) it allows for easier review of the risk 
assessments; 

(3) it encourages consistent use of the 
results by RPMs and other decision- 
makers; and 

(4) it help demonstrate to the public and 
others that risk assessments are 
conducted using the same bmework (if 
not the same specific procedures). 

Using other formats can lead to slower review 
times, different interpretations of similar results, 
and the charge that risk assessments are 

one site to another. The following subsections 
provide gmdmce on the use of consistent formats. 

inappropriately being condaded diffkrenrly from 

9.U BAsELINERIsgASSESSMENT 
REPORT 

The haaelincriskassessment report references 
and supports the RUFS report. Dependins on the 
site, the xisk asseasmat report can range h m  a 
small, simple doauncm with no appendim that 
can simply be added to the RUFS report as a 
chapter, to a large, complex document with many 
appendi- that can "stand alone." This subsection 
provides general guidance on how to organize the 

More detailed guidance, however, is found by 
following the guuidana in prewious chapters of this 

hnaclinc risk -t report and W h k h  
infoxmation S h o u l d  be incl?lded in the reprL 

1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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manual. 'careful use of that guiaancewiu~eBsure 
a well-documented baseline risk assessment report 

Exhibit 9-1 provides a suggested outline for 
the full baseline risk asessment repon This 
outline generally follows the flow of t&e risk 
assessment and the organizatian of this manual. 
The "bulleted' items are not necessarity &on 
headings, but rather are often items that should 
be considered when Writing the repon Note that, 
as with the manpal not aJl wmmnents of the 

espenalEy true if the risk assessment report will be 
a chapter in the RUFS report. At some sites, and 
especially when the risk assessment report will be 
a stand-alone document, more sitespedfic items 
could be added to the repon 

Outline are aDDlicable tc, Sites. This is 

Examples of tables and graphics that should 
be included in the report are presented as exhiiits 
in previous chapters of this manual Note, 
however, that additional tables and graphics may 
be useful. 

This suggested outline may be used as a 
review guide by risk assaso~s (and risk assessment 
reviewers) to ensure that all appropriate 
components of the assessment have been 
addressed. Seetion 9.2 addresses review tools in 
greater detail. 

9.13 OTHERPLEYREPQRTS 

?trio important reports that must include 
summaries of the baseline risk assessment are (1) 
the remedial investigation/feasiiy study (RVFS) 
report and (2) the record of decision (ROD) 
repoh 

Summary Por the WFS nrpart One of the 
chapters of the RVFS typically is devoted to a 
summary of the baseline risk BJsessment. Part of 
this summary should address the human health 
evaluation (the other part should address the 
environmental evaluation). The human health 
summaty should foollow the same outline as the 
full baseline risk assessment report, with almost 
each section of the summary being a didlation 
of each full report c&apter. The risk 

in that it could be included in the RVES report 
esse,nrially unchanged, Most tables and graphics 
should be included unchanged as well. For more 

characrcrization chapter is an e4Kception_ however, 

Summary for tlne ROD rep0l.r The ROD 
doruments the remedial action selected for a site. 
It consists of three basic components: (1) a 
Declaratio~ (2) a Decision S v ,  and (3) a 
Responsiveness Smnmaxy. Thesecond component, 
a Decision Summary, provides an overview of the 
sitespecific mrs a n d m  that led to the 
selection of the remedy. Included in this 
component is a smpmaty of site risb. As with 
the risk assessment summary for the RVFS report, 
the summary for the ROD report should follow 
the same outline as the full risk assessment. This 
summary, however, should be much more 
abbreviated than the RUFS summary, alth0ugJl 
care must be taken to address all of the relevant 
site-spe&c results. Far more information, see 
Interim Final cuidnnce pnpmure strpofcvrd 
n e & i o n ~ :  T h r P I o p o s c d P h t h c  
Racord of aecision, Ephaaion of Signqkant 
D@renas,&tht?M OfDcCirionRmendmtnt 
(EPA 1989). 

9.2 REVIEW TOOLS 

This section provides guidelines on reviewing 
a risk asessnmt repon A checklist of many 

addmsed m any good risk assessment is provided 
(Exhiit 94). The Ehpcplipt touches upon issues 
that are ohen problematic and lead to malty 
and delay in the review of risk assessmenu. 

with qoatifLing statemenls or follow-up questions, 
as well as referencg to appmprhte chapters and 
sections of this manual The checklist is intended 
as a guide to assist the prelimimy reviewer by 
ensuring that aitical issues concerning the quality 
and adequacg of information are not overlooked 
at the suexming level review of risk assessments. 
Btprience has shown that reviewers should pay 
particplar amtion to the following concerns. 

essential criteria that should be adequately 

prindpal qnestionsare presentedin thechecklist 

e Were all appmpxiate media sampled? 

0 were any site-related chemicals (e& 

~wit&mappropriatejmtification? 
human carcinogens) eliminated from 
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1.0 INTRODUCTION 

1.1 overview 
o General problem at site 
0 Site-specific objeaives of risk assessment 

1 2  Site Background 
Site d&cription 
Map of site 
General history - Ownership 

- Contamination 
Significant site reference poinu 
Geographic location relative to offsite areas of interest 
General sampling loortions and media 

- operations 

1 3  Scope of Risk Assessment 
e Complexity of assessment and rationale 
e Overview of study design 

1.4 Organization of Risk Assessment Report 

20 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN 

2 1  General Site-specific Data Collection Considerations 
o DetaiIed historid information reievant to data collection 
e Preliminary identi6cation of potential human arpoaure 
Q Modelingparameterneeds 
Q Backgroundsampling 
o Sampling locations and media 
e Samplingmethods 
e QAJQCmethods 
e Special analytical services (SAS) * -  

22 General Site-spedfic Data Evaluation Considerations 
e Steps used (including optional screening procedure steps if used) 
e QAMC methods during evaluation 
e Generaldatauncertainty 

23 Environmental h e a  or Operable Unit 1 (Complete for W Media) 
o Area- and media-spedfic sample collection strategy (cg., sample size, sampling locations) 
e Data from site investigations 

(continued) - 
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o Evaluation of analytical methods 
o Evaluation of quantitation limits 
e Evaluation of qualified and coded data 
o ChemicaIsinblanks 
e Tentatively identified compounds 
o Comparison of chemical concenvations with background 
o Further limitation of number of chemicals 
o Uncertainties, limitations, gaps in quality of collection or  mi^ 

24  Environmental Area or Operable Unit 2 (Repeat for All Areas or Operable Units, As 
Appropriate) 

2.X Summary of Chemicals of Potential Concern 

3.0 EXPOSUREASSESSMENT 

3.1 Characterization of Exposure Setting 
o Physical Setting 

-- Climate 
- Vegetation - soiltype 
- Surface hydrOlOgY 
- Ground-water hydrology 

-- Relative locations of populations with respect to site 
- Current land use - Potential alternate future land uses 
- Subpopulations of potential concern 

m Potentially Exposed Populations 

3.2 Identification of Exposure Pathways 
o Sources and receiving media 
e Fate and transport in release media 
e Exposure points and exposure routes 
e Integration of sources, releases, fate and transport mechanisms, exposure points, and exposure 

routes into completf. exposure pathways 
e Summary of exposure pathways to be quantified in this assessment 

3.3 Quantification of Exposure 
m Exposure concentrations 
o Estimation of chemical intakes for individual pathways 

(oontinued) 



3.4 Identikation of Uncemintie 
e currentandfutureland-pse 

e Exposure pathwags evaluated 
Q Fate and transport modeling 
Q Parametervalues 

e Environmental sampling and analysis 

35 Summaxy of Exposure Assessment 

4.0 TOXIUTYASSESSMENT 

4.1 Toxicity Information for Noncarcinogenic Effects 
e Appropriate exposure periods for toxicity values 
e Up-to-date RIDS for all chemicals 
e One- and tenday h d t h  advisories for shorter-term oral exposures 
Q Overall data base and the critical study on which the toxicity value is based (including the 

e Effects that may appear at doses higher than those required to elicit the critical effect 
e Absorption ef[idency considered 

critical effect and the uncertainty and modifying han used in the calculation) 

4.2 Toxiaty Information for Carcinogenic Effects 
e Exposure averaged over a lifetime 
o Uptodate slope factors for all carcinogens 
e Weight-of-evidence classification for all carcinogens 
e 'QpeofcanoerforClassAcarcinogens 
e Concentration above which the dose-response cprve is no longer linear 

4 3  Chemicals for Which No EPA Taxicity Values Are Available 
e ReviewbyECAO 
e Qualitativeevaluation 
e Doarmtntation@sti6cation of any new toxicity values developed 

4.4 Uncertainties Related to Toxici~y Information 
e Quality of the individual studies 
e Completeness of the avcfall data base 

15 Summary of Toxicity Information 

5.0 RISK CIURACI'ERIZATION 

5.1 Land-W  condition^ 
carcinom risk of individual substances 

e chronic hazard quotient calculation (iudbidual sobstances) 
e subchronic hrpnrrd qpotknt calculation (iluiiviidrrsl srrbstancg) 

(contintmi) 
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o Shorter-term hazard quotient calculation (individual substancgs) 
e Carcinogenic risk (multiple subsmnces) 
e Chronic hazard index (multiple substances) 
m Subchronic hazard indeJr (multiple substanax) 
m Shorter-term hazard index calculation (multiple substances) 
e Segregation of hazard indices 
e Justi6cation for combining risks acfoss pathways 
o Noncarcinogenic hazard indar (multiple pathways) 
o Carcinogenic risk (multiple pathways) 

5.2 Future Land-use conditions 
o Carcinogenic risk of individual substances 
e Chronic hazard quotient calculation (individual substances) 
o Subchronic hazard quotient calculation (individual substances) 
e Carcinogenic risk (multiple substances) 
e Chronic hazard index (multiple subsfances) 
o Subchronic hazard index (multiple substances) 
e Segregation of hazard indices 
e Justification for combining risks across pathways 
o Noncarcinogenic hazard index (multiple pathways) 
m Carcinogenic risk (multiple pathways) 

5.3 Uncertainties 
e Site-specific uncertainty factors 
- Definition of physical setting 
- Model applicability and assumptions 
-- ;Parameter values for fatehranspon and expasure calculations 

e Summary of toxicity assessment uncertainly 
- Identification of potential health effects 
-- Derivation of toxiaty value - Potential for synmgisuc or antagonistic interactions 
- Uncertainty in evaluating less-than-lifetime exposures 

5.4 Comparison of Risk Characterization Results to Human Studies 
e A T S D R h e a l t h ~ a t  
B Site-spec& health studies (pilot studies or epidemiologicall studies) 
B Incorporation of studies into the overall risk charactenza . tion 

5.5 Summary Discussion and Tabulation of the Risk Characterization 
e Key site-related wntaminants and key exposure pathways iden- 
e ?Lpes of health risk of concern 
o Level of confidence in the quantitative information used to estimate risk 
0 Presentation of qualitative information on toxicity 

(Continued) 



SUGGESTED OUTLINE FOR A BASELINE RISK ASSESSMEN" wBElpoR" 

ID Confidence in the key cxposure estimates for the key e~rposure pathways 
e Magnitude of the earchogenic and noncarahogenic risk estimates 
o Major factors driving risk 
o Major factors contriiuting to uncenainty 
o Qmsexl population characteristics 
ID Comparison with site-speafic health studies 

6.0 SUMMARY 

6.1 Chemicals of Potential Concern 
6.2 ExpureAssessment 
63 TaaialyAsstssment 
6 4  Riskcharacterization 
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1.0 GENERALCONCERNS 

e 

e 

D 

Were the site-s&c obiective6) of the risk assessment stated? (HHEM - 1) 

Was the scow of the assessment desen'bed (cg..) m terms of the complexity of the assessment and 
rationale, data needs, and overview of the study design)? (HHEM - 1.Ll. 35) 

Was an adequate histaw of site activities provided, including a chrono10~ of land use (eg., 
speci@ing agriculttm industry, recreation, waste deposition, and residential development at the 
site)? - 21.4, 9.1) 

Was an initial qualitative ovemiew of the n a ~ e  of contamination included (e+, specifying in a 
general mannet the kinds of contaminants, media potentially contaminated)? (HHEh4 - 21.4,g.l) 

Was a general mau of the site depicting boundaries and surface topography included, which 
illustrates site features, such as fences, ponds, SPPC~PT~S, as well as geographical relationships 
between s-c potential receptors and the site? (HHEM - 21.4, 9.1) 

2 0  CONCERNS IN REVIEWING DATA COLLECTION AND EVALUATION 

21 Data Collection 

e Was an adequate "conceptual model" of the site discussed ? m - 4 . 2 )  

- a qualitative discussion of potential or suspected sources of amtamination, types and 
concentrations of contaminants detected at the site, potentially contaminated media, as welI 
as potential expasure pathways and receptors 

o Was an adequate Data Qualiw Obiectives (DQO) statement provibed? (HWEM - 4.1.4) 

- a statement spedjmg both the qualitative and quantitative nature of the sampling data, 
in terms of relative quality and intent for use, issned prior to data collection, which helps 
to ensure that the data collected will be appropriate for the intended objeaives of the study 

e Were kev site characteristics documented? (HHEM - 4 4 4 . 9  

- Soivsediment parameten (e.&, paxticle size, redox potential, mineral dass, organic earbon 
and day content, balk density, and porosity) 

- hydrogeological parameters (e.g., hydraulic gradient, pH/Eh, hydraulic amductivity, location, 
saturated thicknes, diraion, and rate of flow of aqoitiers, relativelacation of bedroclr layer) 

(continued) 
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- hydrological parameters (e.& hardness, pH, dissolved oxygen, salinity, temperature, total 
suspended solids, flow rates, and depths of riven or streams; estuary and embaymeat 
parameters such as tidal cyde, range, and as well as lake parameters such as afe8, 
volume, depth, and depth to thermocline) 

- meteorological parameters (e.g., direction of preMiling wind, average wind speed, 
temperature, humidity, annual average and 24 hour maximum raidall) 

e Were all amrouriate medii sam~led? (HHEM - 4.4, 45, 4.6) 

- was there adequate justification for any omissions? 

- were titerattne estimates employed for omissions in background sampling and were they 
referextd properly? 

e Were all kev areas saxnuled, based on all available information (eg., preliminruy assessment, 
field (HHEM - 4.4, 45, 4.6) 

a Did sampling include media along potential routes of mimtia (cg., berweea the contaminant 
source and potential future exposure points)? (€€HEM - 45,4.6) 

o Were s a r n D M  locations consistent with nature of contamination (e.g., at the appropriate 
depth)? (HHEM - 45,4.6) 

e Were sampling efforts wnsistent with field sxeening and visual obseivatiOnS in locating %a 
m"? (WHEM - 4.5,4.6) 

e Were detailed sam~linz maos provided, indicating the location, type (e&, grab, composite, 
duplicate), and numerical oode of each sample? OMEM - 5.10) 

0 Did M p h g  indp.de aJDfODMte o m  C measares (e.&, replicates, split samples, trip and field 
blanlrs)? OMEM - 47, 5.4) 

0 werebaaeroMd samples eolleaed M m  appropriate areas (eg., areas proximate to the site, 
free of potential antamination by site chemicals or anthropogenic saorces, and similar to the 
site in topography, geology, meteorology, and other physical dmaaens - tics)? (HHEM - 4.4, 
5-7) 

22 DataEvaIuation 
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- as ix&equently detected chemicals (HHEM - 533,5.93) 

- as nondetem in a specific medium without employing a "prw concentration cHHa(r - 
5 3 )  

- as present at a .pbiquitous Ma? (HHEM - 5.7) 

e Were inauumma te "Dnrxv concentrationsa assigned to site-xelated chemicals? (HHEM - 53) 
- was a value of zero or the instrume.nt detection limit (IDL) assigned? 

-- was an erroneous sample-spedfic quantitation limit employed? 

0 WeremDrODna . teanahrtl 'cal methods employed for collection of data upon which risk estimates 
arebased? (HHEM-5.2) 

- were the methods consistent with the requisite level of sensitivity? 

- were established procedures with adequate QA/QC measares employed? 

e Did the data meet the Data Qualitv Obieaives @QO)? @€HEM - 4.1.4) 

- were the sampling methods consistent with the intended oses of data? 

o Were appropriate data aualiljen employed? (HHEM - 5.4) 

0 Were special analvn 'cal Services (SAS) employed when appropriate? (HHEM - 53) 

- was SAS employed as an adjuna to routine ana@& in ases where certain amtaminants 
were suspected at low levels, as non-TCL chcmicais, in non-standard matrices, or m 
situations requiring a quick turnaround time? 

3.0 CONCERNS IN REVIEWING THE EXPOSURE ASSESSMENT 

e Were "reasonable marimam exw6 presa mnsidexed (Le., the highest exposures that are reasonably 
gpected to occ~r)? OMEM - 61.2, 6.4.1, 6.6) 

(continued) 
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6 Was residential land use considered as an alternative futare land use? (HHEM - 6.22) 

- if not, was a valid rationale provided? 

* Were all potential sensitive SubwDulations considered (e.& elderly people, pregnant or nursing 
women, infants and &Wren, and people with chronic illnesseJ)? (HHEM - 6-22) 

Were all sipiiicant amtaminant sources eonsidered? (HHEM - 63.1) 
Were all potential contaminant release mechanisms considered, such as volatilization, fu@tive dust 
emission, surface nutoB/overiand flow, leaching to ground water, tracking by hnmans/animak, and 
soil gas gene!xation? @HEM - 63.1) 

0 were dl potelldd m D O R  DathWalS Considered, S U d l  direa air OanSpOrt 
bowwrind, W o n  in sprEace water, surface water flow, ground-water flow, and soil gas migration? 
(HHEh6-6-31 

e were an relevant cross-ntedia uansfer effecrs considered, such as volatilization to air, =t 
depoJition, dry deposition, ground-water discharge to mhce, and ground-water recharge from 
surfacewater? (HHEh4-63) 

e WereaIlmediaDoten tiallv assodated with atw~ure considered? (HHEM - 6.2,63) 
were all lelm @e-sDeQfi - ccharaaens - tics considered, including topographical, hydrogeological, 
hydrological and rslemrological parametws? (HHEM - 6.1,63) 

6 

e 

- was a valid rathale Mered for exdusion of any potential pathways from quantitative 
embation? 

9 were an %Dam relationshl 'wo adequately considered as fanors that wuld afku the level of 
clrpaarrre (e& hotspots in an area that is hquented by childffn, apc~~ure to groundwater fnnn 
two aqpifeff that arc not hydxadically cmmxued and that differ in the type and extent of 
amtamination)? (HHEM-6263) 

Were appropriate approaches employed for caiarlating average gmmsure concentrations? (HHEM 
- 6-49 as) 

e 
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m Was the exclusion of anv carcinomx~ h n n  amlysis adequately jusW (e.&, were Wghtaf- 
evidence" clasificationn and completeness of exposure pathways considered in this decision)? 

Were appropriate "route-to-route" extramlations perfond in cases where a toxicity value was 
applied across dilkxhg routes of acposure? (€€HEM - 75.1,8.l2) 
(HHEhd - 5.9, 73) 

e 

- were the extrapolations based on approPriate guidmx? 

Q Were a m m a  * te toxicitv values employed based an the patme of exposure? (HHEM - 7.4,7.!9 

- were subchronic vs. chronic RfDs applied correctly based on the duration of exposure? 

- were all sensitive subpopulations, such as pregnant or riming women pomtiaRy requiring 
developmental RfDs (RfD&), considemxl in the seleaion of the toxicily values used? 

e Were the toxiaty values that were used amsistent with the values contained within the Inteerated 
Risk Information %tern (IRIS) or other EPA documents? @HEM - 7.4,75) 

5.0 CONCERNS IN REVIEWING THE RISK CHARACIERIZAl7ON 

B Were exws we estimates and toxicilv values consistently arpresSea as either intakes or abmbecl 
doses for each chemical taken through risk charaaexization? (HHEM - 8.U) 

- was a valid rationale given for employing values based on absorbd dose? 

B Were all site-related chemicals that were ana@& in the eqmsnre assessment consided m risk 
characterization? (HHEM - 8.1.2) 

- were illconsisteIlcies explained? 

m Were risks appiopriately summed only across v u r e  pathways that af6ea the SUIE h d i v i d a  
or population subgroup, and in which the same individual or popolation subgroup faQs the 
'reasonable maximam exposure,' based on the assumptions employed m the exposme assessment? 
( H H E M - W  

e Were sources of uncmtam ty adequately charaaenzed - ? m - 8 4 )  
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a Were current and future land uses 
considered? 

e Were all siflcant amtaminant s o w  
considered? 

0 Were appropriate or standard defaPlt 
values used in exposure calclllarions? 

e Were the toxiaty values that were used 
consistent with the values contained 
within the Integrated Risk Information 
system @us) or other EPA documents? 

Although the cheddist addresses many pertinent 
issues, it is not a complete listing of all potential1 
concerns, since this objeaive is beyond the scope 
of a prelimhary review tool In addition, some of 
the concerns listed are not n w  appropriate 
for all risk assessment repom. 

The recommended steps in reviewing a risk 
assessment report are as follrJws: 

(1) compare the risk assessment report 
outline to the suggested outline in 
Section 9.1 of this chapter (ia, Exhibit 
9-1); 

(2) use the checklist in this section (Le., 
Exhibit 9-2); and 

(3) conduct a comprehensive review. 

The outline (Exhiiit 9-1) aud the checklist 
w i t  9-2) are intended only as tools to assist 
in a preliminary review of a risk assessment, and 
are not designed to replace the good judgment 
needed during the comprehensive review. These 
two tools should provide a framework, however, 
for the timely m g  of risk assessments by 
miewers with a moderate level of experience in 

the area. If these steps are followed in order, 
then some of the major problems with a risk 
assessment report (if any) can be identified before 
significant fesoufces are expended during the 
comprehensive review. 

This section provides a concise checklist for 
the RPM to use in carrying out their role in the 
risk assessment process (see Exhibit 9-3). Other 
decision-makers at the site also may find this 
checklist useful. Specific points at which the 
managers should be involved, or may be called 
upon to become involved, during the risk 
assessment are discussed in Chapters 4 through 8 
of the manual. This checklist extracts information 
from those chapters, and also includes pointers on 
planning and involvement for the manager. The 
purpose of the chedrlist is to involve managers in 
the diredon and development of the risk 
assessment and thereby avoid serious mistakes or 
costly misdirections in focus or level of efFort. 

Although the checklist is shaped to suggest 
when and how the manager should become 
involved in the risk assessment process, it is 
assumed that part of the manager's involvement 
wi l l  require consultation with technical resources 
available in the region or state. The checklist 
advises cbnsulting the "regional risk assessment 
support staff" at a number of points in the 
process. This contact may not be me person, but 
could be a number of different technical people 
in the region, such as a toxicologist, 
hydrogeologiSt, or other technical reviewer. The 
manager should become aware of the resources 
available to him or her, and use them when 
appropriate to ensure that the risk assessment 
developed is useful and accurate, 



1. G m G O R O A N I Z E D  

e Ensme that the workplan tor the risk asessmm aonaraaar sapport is in place (idneebed). 

e Gather relevant information, such 8s appropriate risk assesmmt guidances and site 
specificdataandrepafir 

0 Provide risk assesor with available guidances and site data 

e Determure ' (or review) data collection needs for risk assessment, considering: 
- modeling patameter needs; - type and location of background samples; - the prelbhy identi6cation of potential human aq~ls\rrc; - strategies for sample collection appropriate to site/risk assessment dam neebs; - statisticalmethods; - 
- special ScNiCes (SAS) needs; 

- loa&n(s) in ground water that will be used to evaluate future gromd-water wm. 

QA/QC -- of particlllar importaace tO ris)r assessnent; 

- alternatefpr0rClaadp~e;~d 

3. AT THE SCOPING MEETING 

Present risk assesmat data collection needs 

e Ensure that the risk assessment data collection needs will be Considered in development 
of the sampling and anahftls plan. 

e consplt with ATSDR if hpman iS 

(continued) 
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5. DURING SAMPLING AND ANALYSIS 

e Ensure that risk assessment needs are being met during sampling. 

0 provide risk assessar with any preliminary sampling results so that he/she can determine 
if sampling should be refocpsed 

e Consult with A'ISDR to obtain a status report on any human monitoring that is being conducted. 
Provide any results to risk II~SCSSM. 

6 DURING DEVELOPMENT OF RISK ASSESSMENT 

e Meet with risk assessor to discuss basis of excluding chemicals &om the risk assessment 
(and developing the list of chemicals of potential concern). confirm appropriateness of 
exdudiug chemicals. 

0 cQn&mdetmmla tion of alternate funm land use 

o Understand basis for selection of pathways and potentially aposed popplations. 

e FadlitatediscPsslo ns between risk assessor and EPA riskasesment support pe~onnel 
on the fonawing points 

- the need for any major aposure, fate. and transport models (e+, air or ground-water 
dispersion models) 

- site-spedfic exposure assumptions; 

-- non-EPA&rived Way v a l q  and 

- appropriate level of derail for ucertainq ana@& m d  the degree to which unceminties win 
be quanmed! 

Q Discuss and approve combination of pathway risks and hazatd indbs. 

e Ensore that ead results of risk cbaracrerization &tve been ampared with A'ISDR health 
assessments and other siwqesi6c human studies that might be available. 

7. REVIEWINGTHERISKASSESSMENT 

Q Allow srrf6ident time for review and incorporation ofaomments 

Q Ensure that r e v i ~ " ~ t s  are incorporated 
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8. COMMUNICATING THE RISK ASSESSMENT 

e 

B 

e 

o Brief upper management 

Plan a briefing among technical staff to discuss SipScant findings and uncertainties. 

Discuss development of graphics, tools, and presentations to assist risk management decisions. 

Consult with other groups (e&, community relations sw, as appropriate. 
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CHAPTER 10 

RADIATION RISK ASSESSMENT 
GUIDANCE 

There are many sites contaminated with 
radioactive substances that are included on the 
National Priorities List (NPL), and additional sites 

provides supplemental b i d h e  risk assessment 
guidance for use at these sites. This guidance is 
intended as an Overview of key differences in 
chemical and radionuclide assessments, and not as 
a comprehensive, stand-alone approach for 
assessing the risks posed by radiation. 

are atpected in future NPL updates. This chapter 

The reader should be familint with the 
guidance provided in Chapters 2 through 9 before 

discussions in the previous chapters focus 
primarily on chemically contaminated sites, much 
of the information presented is also applicable to 
the evaluation of radioactively contaminated 
Superfund sites. For wnsistenq and completeness, 
the topics discuJsed in each section of this chapter 
parallel the topics cavered in each of the previous 

proceeding funher in chapter 10. Although the 

chapters. 

After a brief innodpaion to some of the 
basic principles and concepts of radiation 
protection (Section lal), seven additional areas 
are addressed: 

(1) Regulation of Radioactively 
Contaminated Sites (seaion 102); 

(2) Data Collection (Section 103); 

(3) Data Evaluation (senion 10.4); 

-~ 

(5) Tordcity Asesment (section 10.6); 

tion (senion l(37);and (a) -- 
(7) Documentation, Review, and 

Management Took for the Risk 
Asscssar, Rcvimcr, and ManaF 
(section 10.8). 
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nere are special hazards BssoQMed - with 
handling radioactive waste and EPA strongly 
recommends that a health phpsicist alperienczd in 
radiation measurement and protection be 
consulted prior to initiating any activities at a site 
suspected of being anurminated with radioaak 
substances. EPA also remmmends that the 
remedial project manager (RPM) or on-scene 
coordinator (OSC) should designate both a 
chemical risk assessor and a radiation risk 
8ssessof. These individuals should work dosely 
with each other and the RPM to coordinate 
remedial activities (e& site scoping, health and 
sasety planning, safnphg and analffis) and 

and radionuclide assessments, including data on 
the physical charactens * tics of the site, potentially 
impacted populations, pathways of concern, and 
fate and transport models llsed At the d u s h  

(RVFS) process, the RPM should issue a single 
report that snmmatizff and integrates the results 
&om both the chemical and the radiation risk 
assessments. 

exchange informaton comm<w to both chanical 

of the remedial ~tigation/feasi%ility study 

A two-phase evaluation is decxiibed for the 
radiationriskassessment Asdiscussed in Section 
10.5, procedures esmblished by the International 
Commission on Radiological Proteaion (ICRP 
1979) and adopted by EPA in Fedend Guidance 
Report No. I1 (EPA 1988) are used to estimate 
the radiation dose equivalent to humnnz from 
potential exposures to radionuclides through all 
perrinent expasore pathways at a site Those 
estimates of dose equivalent may be used for 
comparison with established radiation protection 
standards and criteria. However, rhis methodology 
was developed for regulation of occupational 
radiation erposures for adults and is  not 
completely applicable for estimating health risk to 
the general population at a Superfund sit& 
"herefom a separate methodology is presented in 
Section 10.72 for estimating health risk, based on 
the ageavetaged' lifetime caner bcidace 

for radionudida of concern Radiation risk 
assewnenzs dor Srqrerfpnd sites should indude 

as dainibed in Section 10.5, aad the health risk 
attributable to radionpdide aqxrmres computed 
using the approgch d e s a i i  in Section 10.7. 

per unit intake (and per unit sternal exposure) 

estimates of both the dose CqUMent Oomputed 

Only summary-level information is presented 
m this chapter, and references are provided to a 
number of supporting technical donrmenfp for 
further information. In particlrlar, the reader is 
emomaged to consult Volume 1 of the 

- -fbp*m 
s- fap proparad 

-- 
En- 
NEsHRpsfinRadbmclidet (EPA 1989a) for a 
more comprehensive discpssian of EPA's cprrcot 
risk assessment methodology for radionpctidek 

For additional radiation risk essessment 
informaton and guidance, RPMs and othcr 
interested individuals can contact the of 
Radiation Programs (OW) within EPA 
headquartus at 202-475980 (FI8 475-980). 
Interested individuab also QII CODtact the 
Regional Radiation Program Managers within 
each ofthe EPA regional ofhces for gaiaanoe and 
health PhJRia stlpport 

Radioactive atoms undergo spontaneous 
nuclear pansfonnatr '0115 and release eDcess energy 
in the form of ionizing radiation. Such 
traPSfOrmatiOIlS are referred to as radioactive 
decay. As a result of the radioactive deeay 

the newly formed element, called a decay pradues 
will possess physical and' chemical Properries 
diflerent from those dits parent, and may also be 
radioactive Aradioaaivespeciesofapruticular 
element is refexed to Ips a radionudide or 
radioisotope Thearaamodeofradioactive 
uansbrmation for a particular radionudide 
depends solely u p  its nudear rharaaens 'tics?and 
is imkpendcnt of the nuclide's chemical 
&maemusorphgsicelstate AAmdamtmal 
andnniquecharactersac * o f ~ ~ u c i i d e i s  
itsradioactive half-lise, defined as the time 
raqrrired for one half of the atom in a @ea 
quantity of the radionuclide to decay. Over l,6W 
dmerent radiun- hwc been identified to 
date, with hatf-lives nmgiag from fractions of a 
s#xmdtomiuilmsofpaK seleaedmdhlade 

precess, one tlemcnt is transformed into anotheq 

. .  



of potential importance at Superfund sites are 
listed in Exhiiit 10-1. 

Radiation emined by radioactive sulxtanm 
can transfer suffiaent localized energy to atoms 
to remove e l m n s  &om the electric field of their 
nucleus (ionization). In living tissue this energy 
transfer can desaoy cellular amstitnents and 
praduce electrically charged molecples (Le., b e  
radicals). Ex~nsive biological damage can lead to 
adverse health e m  The type of ionizing 
radiation emitted by I particular radionudide 
depends upon the exact nature of the nuclear 
transformation, and may include emissiOn of alpha 
paaides, electrons (beta particle or positrons), 
and mI- each of these ~fonnations may 
be accompanied by emission of photons (gamma 
radiaticm or x-rays). Each type of radiation 

and in its difkrs in its physical chmaams 
ability to inflict damage to biological tissue These 
charaaeristics and effeca are s u n m a n d  . inthe 
box on this page 

. .  

~ ~~ 

Quantities of radionuclides arc ypically 
arpressed in tcnm of activity at a given time t 
(A([)). The SI unit of activity is the becquerel 
0, which is defined as the quantity of a given 
radionuclideinwhichoneatomis~form~per 
second $.e., one decay per second). The 
conventional unit of activity is the curie (a), 
which is d e e d  as the quantity of a given 
radionuclide in which 3.wdo atoms undergo 
nuclear transformation each second; one curie is 
app&teIy eguivalent to the decay rate of one 
gram of Ra-226. A more convenient unit of 
activity for expressing environmental 
co~lceotrations of radionuclides is the picocurie 
(pcii, which is equa~ to 10''~ ci O c c a s i e ,  
activity is expressed in-- in terms of counts 
per second (cps) or amnu per minute (cpm): 
these refer to the number of transformations per 
unit time measured by a parchhr radiation 
detector and do not represent the m e  decay rate 
of the radionuclide. To derive activity values, 
count rate measurements are multiplied by 
radioisotope-specBc dewar &%ration faaors. 
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EXHIBIT 90-1 - 

Average Radiation Enemies (MeV/decavf' 
Nuclide Half-lif~ Beta, Elecrron &Gamma 

Am-241 
Am-243 
Ba-137m 
G14 
-144 
CUI-243 
cm-244 
cod0 
0 - 5  1 
a-l34 
(3-135 
-137 
Fe-59 
H-3 
1-129 
1-131 
K-40 
Mn-54 
MO-99 
Nb-94 
Np-237 
P-32 
Pb-210 
Po-210 
Pn-238 
Pn-239 
h-240 
PU-241 
Pu-242 
Ra-226 
Ra-228 
RU-106 
s-35 
Sr-89 
Sr-90 
Tc-99 
Tc-991~ 
Th-230 
n-232 
U-234 
U-235 
U-238 

432xld y 
7 B l d  y 
zS5xlfl h 
5.73xld y 
284x102 d 
285xld y 

S.27xlOo y 

2osxl00 y 

1.23xld y 

1.2%lOp y 

203x104 y 
214xlob y 

=d Y 

amd y 

-d Y 
1.44xld y 
3.76xld y 
1.&ld y 

1.8lxld y 

277xld d 

Y 
3.0(lxld y 
4.45xld d 

157xld y 
8.04~100 d 

3.lkld d 
6.6Oxld h 

1.43xld d 

138xl@ d 

241x10' y 

5.75~14 y 
3.SaXld d 
8.74xld d 
5.05xld d 
29lXld y 
2UXld y 

244x105 y 
7.04x10B y 
4.47xloo y 

&Oal@ h 
7.7Chclv~ 
1.4lxld y 



?he activity per unit mass of a given 
radionuclide is called the specific activity, and is 
usuallyexprcssed in units of becquerels p g r a m  
(Bq/g) or curies per gram (Wg). The shorter the 
half-Iife of the radionuclide, the greater is its 
specific activity. For example, co-60 has a 
ra dioactive half-life of about 5 years and a spedfic 
activity of 4x1d3 Bq/g, whereas Np-237 has a 
half-life of 2 million years and a s-c activity 
of 3xld Bq/& 

Several terms are used by health physicists to 
descn'be the physical interactions of different types 
of radiations with biological tissue, and to define 
the effects of these interaaions on human health. 
One of the first terms dmloped was radiation 
expoan, which refers to the transfer of energy 
from a radiation field of x- or gamma rays to a 
unit mass of air. The unit for this delinition of 
exposure is the roentgen (R), expresed as 
coulombs of charge per kilogram of air (1 R = 
=(? clkg). 

?he term expome is also defined as the 
physical contact of the human body with radiation. 

when human tissues are subjected to radiations 
fromradionuclidesthathaveenteredtheboctyvia 
inhalation, ingestion. injection, or other mutes. 
External exposure refers to the irradiation of 
human tissues by radiations emitted by 
radionuclides located outside the body either 
dispersed in the air or water, on skin surfaces, or 
deposited on ground surfaces All types of 
radiation may conm3ute to internal arposure. 
whereas only photon, beta, and neutron radiations 
conm3ute sipficantly to external exposure 

Iutelnalarposure refers to anexposure that OCEM 

Ionizing radiation can cause deleterious 
effems on biological tissucs only when the energy 
released daring radioactive decay is absorbed in 
tissue. The absorbed dose @) is defiaeed as the 
mean energy imparted by ionizing radiation per 
unit mass of tissue TheSI unit of absorbed dose 
is the joule per kilogram, also assigned the special 
name the gray (1 Gy = 1 joule&). The 
conventional unit of absorbed dose is the rad (1 
rad = 100 ew per gram = 0.01 Gy). 

For radiation protection purposes, it is 
desirabletocomparedosesofdifIerent types of 

radiation. The absorbed dase of any radiation 
divided by the absorbed dose of a rcfwcnoe 
radiation (traditionally 250 kVp x-rays) that 
produces the same biological endpoint is called 
the Relative Biological Efkcmem - essorRBE For 
regulatory purposes, an arbitrary consensus RBE 
estimate called the Quality Factor or Q &.often 
used. The dose equivalent (€3) was developed to 
normalize the unequal biological ef[eas p r o d d  
from equal absorbed doses of different types of 
radiation. The dose equivalent is defined as: 

H = D Q N  

where D is the absorbed dose, Q is a quality 
factor that amunts for the RBE of the type of 
radiation emitted, and N is the prodw of any 
additional modifying Eactors. Quality factors 
currently assigned by the hternational 
commission on Radiological protection (ICRP) 
include values of Q=20 for alpha panicles, Q-10 
for neutrons and protons, and Q=l for beta 
particles, positrons, X-fBJrS, and &amma rays (ICRP 
19%). These factors may be interpreted as 
follows: on if an equal amount of energy 
is absorbed, an alpha particre will inflict 
approximately 20 times more damage to biological 
tissue than a beta partide or gamma ray, and 
twice as much damage as a neutron. The 
modifying faaor is currently assigned a value of 
unity (N=l)forall radiations. TheSIunitof 
dose equivalent is the s i m  (Sv), and the 
conventional unit is the rem (1 rem = 0.01 Sv). 
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The dose delivered to tissues from radiations 
external to the body occu~s only while the 
radiation field is present. However, the dose 
delivered to body rissaes due to radiations horn 
systemically in~orporated radionuclides may 
continue long after intake of the nuclide has 
ceased. Therefore, internal doses to s@c 
tissues and organs are typically reported in terms 
of the committed dose equivalent @IT*), which 
is defined as the integral of the dose equivalent in 
a particular tissue T for 50 years after intake 
(wrresponding to a wwking Wtime). 

When subjected to equal doses of radiation, 
organs and tissues in the human body will exhiit 
di&nnt canax induction rates. To account for 
these dif€erences and to normalize radiation doses 
and effects on a whole body basis for regulation 
of occupational a9~lsure, the ICRP developed the 
concept of the e&ctive dose eqivalent (HE) and 
Qommitted e&aive dosc equivalent (Hm), which 
are defined as wcightal sums of the organ-spec& 
dose equimknts (Le., C q€Ir) and organ-specific 

respecthly. Weighting fsctors, wr, arc based on 
selcucd stochastic risk mors speci6e4 by the 
1- and areusal to ~ O r g a n - s ~ d o s e  
equiawm(IcRPm,1979). Thee&aivedose 
equivaht is equal to that dosc cquivalcllt, 

eommittcd dose qdvahts  (ic, %fif*), 

delivwed at a uni5mn whole-body rate,that 

corresponds to the same number (but possibly a 
dissimilar dism3ution) of fatal stochastic health 
e m  as the particnlar combination of committed 
organ dose equivalents (see the box on this page). 

A special unit, the working level (WL), is 
used to describe acpospre to the short-lived 
radioactive decay products of radon (Rn-222). 
Radon is a naturally Occarring radionuclide that 
is of particular concern because it is ubiquitous, 
it is very mobile in the environment, and it decays 
through a series of short-lived decay products that 
can dcliwx a signiiicant dose to the lung when 
inhaled. The WL is de6neU as any combination 
of short-lived radon decay products in one liter of 
air that will result in the ultimate emission of 
13x16 MeV of alpha energy. The wo-g level 
month is defined as the exposure to 1 
WL for 170 hours (1 working month). 

Radiation protection philmophy enoourages 
the reduction of all radiation exposures as low as 
reasonably achievable (ALARA), in considemtion 
of tecbid, tcDnomk, and social factors. 
Further, no practice imrolving radiation exposure 
shouldbeadopted anless it provides a positive net 
benefit. In addition to these general guidelines, 
specific uppa limit0 on radiation exposures and 
doses have been established by regplatory 
authorities as desaibed in the following section. 



Additional discussion on the meaSuremcnt of 
radioacaivity is prwided in Sections 103 and 10.4, 
and the evaluation of radiation exposure and dose 
is discussed further in Section 105. Discussion of 
potential health impacts from ionizing radiation 
is presented in Section 10.6. 

Chapter 2 briefly desm'bes the statutes, 
regulations, guidance, and studies related to the 
human health evaluation process for chemical 
contaminants. Thedixussiondescn'besCERCLA, 
as amended by SARA, and the RUFS process. 
Since radionudides are classified as hazardous 
substances under C E R U  this information is 
also applicable to radioactiveiy contaminated sites. 
Chapter 2 also introduces the concept of 
compliance with applicable or relevant and 
appropriate requirements (ARARs) in federal and 

Guidance on potential ARARS for the 
remediation of radioactively contaminated sites 
under C E R U  is available in the CElRCLR 
Compliance  wid^ -Laws Manual (EPA l e ) .  
Only a brief summary of regulatory authorities is 
presented here 

state environmental laws as required by SARA 

The primary agencies with regulatory 
authority for the cleanup of radioauivdy 
cunvdminated sites indude EPA, the Nudear 
Regpiatory - a 'on 0, the Department 
of Energy (DOE), and state agencies Other 
federal agendes, including the Department of 
Transportation (DOT) and Department of Defense 
@OD), also have regulatory programs (but more 
limited) for radioadve materials Also, national 
and international sc iena  advisory organizations 
provide recommendations related to radiation 
protection and radioactive anrne management, but 
have no regulatoxy authority. The bllowing is a 
brief description of the main functions and areas 
of jurisdiEtion of these agencies and organizadoa 

e EPA's authoriq to protect public health 
andtheemrironment6KIIIIadverse- 
of radiation aposure is derived from 
several statutes, including the Atomic 
En- Act, the Clean Air Act, the 

UraniumMillTailingsRadiationControl 
Act (UMTRCA), the Nuclear Waste 
Policy Act, the Resource Conservation 

CERCLA EPA's major responsibilities 
with regard to radiation include the 
development of federal guidance and 
standards, assessment of new 
technologies, and surveillance of 
radiation in the enviKmment EPA also 
has lead responu'bility in the federal 
government for advising all federal 
agenaes on radiation standards. EPA's 
radiation standards apply to many 
Merent types of activities involving all 
types of radioactive material (ic, source, 
byproduct, special nudear, and naturally 
OQEUrriLLg and accelerator produced 
radioactive material [NARM]). For 
some of the EPA standards, 
implementation and enforcement 
responsibilities are vested in other 
agencies, such as NRC and DOE 

and Recovery Act (RcRAb and 

e NRC licenses the possession and use of 
certain types of radioanive material at 
certain tlrpes of fadlities. Spenfically, the 
NRC is authorized to license source, 
byproduct, and special nuclear material. 
The NRC is not authorized to license 
NARM, although NARM may be 
paniaUy subject to NRC regulation when 
it is assodated with material licensed by 
the NRC Most of DOE'S operations 
are exempt from NRCs licensing and 
regulatory requirements, as are certain 
DOD activities involving nuclear 
weapons and the use of nuclear reactors 
for miliw purposes. 

0 DOE is responsl'ble for conducting or 
overseeing radioactive material 
operations at numerous government- 
owned/conaactor-oprmted hcilities. 
DOE is also responsible for managing 
several inacave . sites that contain 
tadioactivewaste,such as sites associated 
with the Formerly Utilized Sites 
Remedial Anion Program (FUSRAP), 
the Uranium Mill Tailinp Remedial 
Action Program (UMTRAP), the Grand 
Junction Remedial Action Program 
(GJRAP), and the Surplus Facilities - 
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Management Program (SFMP). DOE is 
authorized to control all types of 
radioactive materials at sites within its 
jurisdiction. 

Other federal agencies with regulatory 
programs applicable to radioactive waste 
include DOT and DOD. DOT has 

packaging, labeling, mrd keeping, and 
reporting reqairements for the aanspon 

Parts 171 through 179). Most of D O D s  
radioactive waste management acrivitia 
are regulated by NRC and/or EPA 
Howlever, DOD has its own program for 
controlling wastes generated for ctrtaia 
nudear weapon and rumor operatioaS 

such as the Fcderal Emergcnq 

Department of the lnarior (Dol), may 
also play a role in mdbauhe waste 

issued regulations that set fonh 

of radioactive material (see 49 CFR 

forrnilitarypprposes. otheragardes, 

ManasementAgenCy(FEMA)and* 

Cleanups in - CBSCS. 

States haw! their own authoriq and 
quiations for managing radioactive 
material and In addition, 29 
slates (Apenlult States) have entered 
into agreancntpwith the NRc,whcxeby 

saprce,byprobpa,andsmallquantities 

the(hmbsionhas relinqaished to the 
slates its regulatory authority over 

of spedal nuclear material Both 
Apemcnt States and Nonagreement 
States can also regulate NARh4. Such 
slateimplemen~ regulations are 
potential ARARS 

0 The National Council on Radiation 
Protection and Measurements (NCRP) 
and the htcrnational CammtESl * 'on on 
Radiological protection (ICRP) provide 
+#ammeMhrtians on human radiation 
protection. TheNCRPwaschartered 
by cq=s to =wG bevelop, 
anddipsemma * te information and 
raeommeedatiolrs about radiation 
protcaionandmeasarements. The 
ICRP's h a i o n  is basidly the same, 
but man international level. Although 
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neither the NCRP nor the ICRP have 
regulatory au thor i ty ,  t h e i r  
recommendations sem as the basis for 
many of the general (Le., not 
source-specific) regulations on radiation 
protemion developed at state and federal 
levels. 

The standards, advisories, and guidance of 
these various groups are designed to be 

scope and purpose. Nevertheless, there are 
important between agenaes and 
programs in some cases. It is important that 
thesedifferenoes be well Mderstood so that when 
more than one set of stanAatds is potentiauy 
applicable to or relevant and appropriate for the 
same CERCLA site, RPMs wiIl be able to 
evaluate which standards to follow. 
determination of an ARAR for a site 
contaminated with radtoaaive materials requires 
consideration of the radioactive constheats 
present and the functional operations that 
generated the site, whose regulatory jurisdiction 
the site falls under, and which regulation is mast 
protective, or if relevant and appropriate, most 
appropriate given site conditions. 

consistent with each other, often overlapping in 

In general, 

For further infomation on radiation 
standards, advisories, and guidanm WMs should 
consult the detailed ARAFb pidance document 
(EPA 1989c), as well as =A's ORP andlor 
Regional Radiation Program h4anagexs. 

10.3 DATA COLLEC"I0N 

Data collection needs and procedures for sites 
contaminated with radioactivesubstances arcvery 
similar to those described in Chapter 4 for 
chemically contaminated sites. lEere are, 
howewer, some basic -ces that simpliry data 
collection for radionuclides, including the relative 
ease and llcepraclr with 'Rlfiidl natuxal background 
radiation and radionudide rantaminnnn can be 
detected in the environment when compared with 
chemical contaminants. 

The pathways of exposure and the 
mathematical models used to evaluate the 
potential health risks associatedwithradicmucIides 
in the environment are similn+ to those used for 
evaluating chemical anltamhalm Many of the 

radionuclides found at Superfund sites behave in 
the environment like trace metals. Consequently, 
the types of data needed for a radiation risk 
assessment are very similar to those required for 
a chemical contaminant risk assessment. For 
example, the environmental, land use, and 
demographic data neededand the procedures used 
to gather the data required to model fate and 
effect are virtoally identicaL The primary 
differences lie in the procedures used to 

the radionuclide contaminants. In the 
sections that follow, emphasis is placed on the 
procedures used to characterize the radionuclide 
contaminants and not the environmental setting 
that affects their fate and effects, since the latter 
has been thoropghly covered in Chapter 4. 

PQ3.1 RADIATION DEI'ECTION METHODS 

Field and laboratory methods used to identify 
and qaantifyconcentrations of radionuclides in the 
environment are, in many cases, more exact, less 
costly, and more easily implemented than those 
emplayed for chemical afialvses. Selection of a 
radiometric method depends upon the number of 
radionuclides of interest, their activities and types 
of radiations emitted, as well as on the level of 
sensitivity required and the sample size available. 
In some cases, the selection process requires prior 
knowledge of the nature and extent of radioactive 
contamination present onsite. See the references 
provided in the box on page 10.12 for detailed 
guidance on sample collection and preparation, 
radiochemical procedures, and radiation countexs 
and measurement techniques. The foollawing 
dixmsion provides an overview of a few of the 
radiation detection ' whniquesandinstruments 
currently used to characterize sites contaminated 
with radioactive materials. 

F~ldmethods utilize instrumental techniques 
ratherthanradiochemicalprocedurestodetermine 
inaim ideatitie and concentrations of 
radionuclides, amtamhation profiles, and eamal 
beta/gamma expome rates. Field instruments 
designed for radiation -on (see Exhiiit 10. 
2) are portable, rugged, and relatively insensitive 
to wide &lanam - ns in temperatpre and humidily. 
At the same time, they are sensitive enough to 
discriminate between variable levek of background 
radiation horn naturally ocwring radionuclides 
and excess radiation due to radioactive waste 
Because of the harsh conditions in which they are 
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sometimes operated, and because their detection 
ef6ciemcy varies with photon mer@* all 6eld 
instru=nts should be properly calr'brated in the 
laboratory against National Bureau of Standards 
(NBS) radionuclide sources prior to use in the 
field! Detector response should also be tested 
periodically in the field against NBS check-sources 
of known activiq. 

Commonly used gamma-ray suNey meters 
include Geiger-MuIler (G-M) probes, sodium 
iodide (Naiv)) agstals, and solid-smte 
germanium diodes (Ge(Li)) coupled to ratemeters, 
scalers, or multichannel anatyzm (MCAs). These 
instruments provide measurements of overall 
exposure rates in counts per minute, or 
miQpRoentgens or micmem per hour. Howcvcr, 
only Nai and Ge@i detectors with MCAs provide 
energy spectra of the gamma rays dewxed and 
can t h e e  waiQ the identitg of specific 
radionuclides Thin window 0-M deteaors and 
Pancake (ionization) probes are used to detect 
beta particks Alpha-particle surface moDitors 
indudepbleairproportianalpspqmrtional, 
and zinc smde (ZnS) scintillation detectors, 
whichallhavevergthinandfragilewindou& The 
references in the bcx on this page provide 
additional inform- on several other sllrvey 
techniques and instruments, such as aerial gamma 

SuNeiUBllce used 10 map gamma exposure rate 
contous over large areas, 

Laboratory methods involve both chemical 

of radionuclides in sample media. The 
preparation of samples prior to counting is an 
imponant consideration, especially for samples 
containing alpha- and betaemitting radionuclides 
that either do not emit gamma rays or emit 
gamma rays of low abundance Sample 
preparation is a multistep process that achieves 
the following three objeztives (1) the destruction 
of the sample mauix (primarily organic material) 
to reduce alpha- and beta-particle self-absorption; 
(2) the separation and concentration of 
radionuclides of interest to increase resolution and 
sensitivity, and (3) the preparation of the sample 
in a suitable form Sor counting. Appropriate 
radioactive tracers (Le., isotopes of the 
radionuclides of interest that are not present in 
the sample initially, but are added to the sample 
to serve as yield deteminms) must be selected 
and added to the sample before a radiochemical 

and instrumental techniqpes to quantify lo~-leveiJ 

procedure is initiated. 

For alpha mating, samples are prepared as 
thin-layer (low mass) sourus on membrane filters 
by copredpitation with stable Carriers or on metal 
discs by elccaodeposition. These sample filters and 
discs are then loaded into gas proportional 
counters, scintillation detectors, or alpha 
specvomeay systems for measurement (see Exhibit 
10-3). In a proportional counter, the sample is 
immened in a munting gas, usually methane and 
argon, and subjected to a high voltage field: alpha 
emissions dissocbte the counting gas creating an 
ionization current proportional to the source 
strength, which is then measured by the system 
electronics. In a scintillation detector* the sample 
is placed in amtact with a ZnS phosphor against 
the window of a photomaaltipliex (PM) tuk alpha 
particles induce fhshcs of light in the phosphor 
that are converted to an electrical cnrrent in the 
PM tube and measured. Using alpha spectromeuy, 
the sample is placed in a holder in an evacuated 
chamber facing a solid-srate, smface-barne ' r  
detector. alpha particles strike the detemr and 
cause electrical impplsa, which are sorted by 
strength mto electronic bins and couIlte& All 
three systems yield results in wmts per minute, 

deteaor- and radionuclide-speMc calibration 
which are then cowerted into activity units using 

- 
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values Alpha specV0meu-y is the only system, 
hoarwer, that can be uscd to idenrify speufic 
alphaemitting radionuclides. 

For beta counting, samples are prepared both 

sdntillation fluid, similar in function to a 
phosphor. Betaemitting sources are counted in 
gas proportional counters at higher voltages than 
those applied for alpha counting or in scintillation 
detectoft using phosphors spedfically c o m c t d  
for beta-partide detection. Betaemitters mixed 
with sdnriflation fluid are counted in 20 ml vials 
in beta-sdntillation munters: beta-particle 
interactions with the fluid produce detectable light 
flashes. Like alpha detectors, beta d e m o a  
provide measurements in counts per minute, which 
are amvened to activity units using calibration 
factors It should be noted, however, that few 
deteaioD systems are available for determining the 
identity of iadividual betaemitting radionuclides, 
because beta panicles are emitted as a continuous 
speurum of en- that is -cult to characterize 
and ascribe to any speddc nuclide. 

as thin-soruce~ and a~ SO~U~~OIIS mked with 

It is advisable to count all samples intact in 
a known p m e t r g  on a NaI or Gem) deteaor 
system prior to radiochemical analps, because 
many radionuclides that emit gamma rays in 
sufs;dent abundance and energy can be detected 
and measured by this p'ocess. Even complex 
gamma-ray spectra emitted by multiple 

&lectors, MCAs, and software packages, and 

determined If the sample aaivity is low or if 

orbetaanalyscsareadvised. 

radionuclide sources can be resolved using GeW) 

specific radionudde am~tratiom 0111 be 

gamma lays are feeble, then more rigorous alpha 

In Chapter 4* refffenoe is made to reviewing 
the site data for chemical amtaminants in 
aapDrdance with Stage 1 of the Data Quality 
Objectives (DQO) process (see bax on Page 4-4). 
This pro~ss also applies to radionuclides. For 
further guidance on the applicability of DQOs to 
mdmmmly amtaminatexi sites, consult EPA's 
Of6ce of Radiation Pmpms. 

. .  

l o 3 3  ADDRESSING MODELING 
PARAMETERNEEDS 

miits 4-1 and 4-2 descrii the elements of 
a conceptual model and the types of information 
that may be obtained during a site sampling 
investigation. These exhibits apply to radioactive@ 
contaminated sites with only minor modifications. 
For example, additional exposure pathways for 
direct external exposure from hersion in 
contaminated air or water or from contaminated 
ground surfaces may need to be addressed for 
certain radionuclides; these ezposure pathways are 
discussed further in subsequent sections. In 
addition, several of the parameters identified in 
these cxhiiits are not as important or ~ c c e ~ ~ a r y  
for radiological surveys. For example, the 
parameters that are related prharily to the 
modeling of organic contaminants, such as the 
lipid content of organirms, are typically not 
needed for radiological assessments. 

103.4 DEFINING BACK6ROUND 
RADIATION !SAMPUNG NEEDS 

As is the case with a chernicallycontaminated 
site, the background characteristics of a 
ra- . ly contaminated site must be deiined 
reliably in order to distinguish natural background 
radiation and fallout from the onsite sources of 
radioactive waste. With the possible exception of 
indoor sources of Rn-222, it is often possible to 
make these distinctions because the radiation 
detection equipment and analytical techniques 
used are very precise and sensitive. At a 
chemically contaminated site, thtre can be many 
potential and difkult-to-pinpoht o&ite souTcts 
for the contamination found onsite, confouading 
the interpretation of field messurements. With a 
radioactively amaminated site, however, this is 
not usually a problem because sources of 
radionudides are, in gerreraS easier to isolate and 
identify. In Eaa, some radionuclides are so 
speci6aUly associated with pmiadar industries 
that the presence of a certain radioaaive 
contaminant sometima acts as a 'fingerprint' to 
identify its s o n  Additional information on the 

radiation in the environment may be found in the 
refeream listed in the baron the next page. 

SO- Of p~tpral baC@Omd a d  --made 
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NATURAL BACKGROUND RADIATION 

Identification of emrironmental media of 
00- the types of radionuclides a p u e d  at a 
site, areas of w n m  (sampling loations), and 

the environment is an important pan of the 
radiological risk aSSCSSmCILt process. Potenual 
mcdia of concern indude so& ground water, 
s- water, air, and biota, as discus& in 

Addrnonal wnsiderations for chapter 4. 
radioactMy contaminated sites are &tal below. 

0 Usoally a very limited number of 
radionudidcrr at a site contribute 
signibntlytotherisk Dunngthesite 
smping meeting. it is appropriate u) 
consplt with a health physicist not only 
to develop a conmptuai model of the 
fadlity, but also to iden- the 

poteIuial mutes of radionuclide Panspon through 

.. 

o Inadditiontothemvironmentalmdia 
identi!m for amtamiaatbd 

contaminated s i t s  sites, r&mcmdy 
should be mmined for the potential 
presence of radiation fields. 
Many radionuclides emit both beta and 
galnlm radiatian. Which CBrl Ueate 
sirmificantcaqnalexpa68pr& 

. .  
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Q ThtrapirednumberandtypeofOC 
blanIrs are h e r  for radionuclide 
samples. For example, a 'trip' blank is 
not generally used because radionudide 

contaminated b m p i r e a  gpcrspre to air 
than are samples of volatile organics. 

samples are less likely to be 

Limited guidance is available that spec1.6~ 
field QA/QC procedures (see the box on this 
page). These and other issues related to QNQC 
guidance for radiological awdyses are discussed 
further in the Seaion 10.4. 

10.4 DATA EVALUATION 

Chapter 5 desuilm the produres for 
organking and evaluating data collected during a 
site sampling investigation for use. in risk 
a s e s n m L  ' I h t t e n - s t e p p r ~ ~ ~ ~ ~ o u ~ f o r  
chemkal data evalrtation is generally applicable to 
the evaluation of radioactive contaminants, 
aithough mqllp of the details must be modified to 
t m m m d a ~  difkences in sampling and 
=w-- 
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I 
i u n  COMBINING DATA FROM 

AVAILABLE SITE MVESTIGATIONS 
and the DOE Radiological and Environmental 
services Laboratory (RESL). 

All available data for the site should be 
gathered for evaluation and sorted by 

methods, and sampbg periods. Dedsioas should 
be made, using the process d e s c r i i  in Section 
5.1, to combine, evaluate individually, or eliminate 
speci6c data for use in the quantitative risk 
assessmenL 

environmental medium SampltQ analytical 

10.4.2 EVALUATING ANALYTICAL 
-ODs 

As with chemical da@ radiological data 
should be grouped according to the types of 
analyss performed to determine which data are 
appropriate for use in quantitative risk assessment 
Analytical methods for measuring radioactive 
contaminants di&r h n  those for measuring 
organic and inorganic chemicals. Standard 
laboratory procedures for radionuclide amiyses are 
presented in references, such as those listed in the 
box on page 10-12 Analytical methods indue 
alpha, beta, and gamma spectrometry, liquid 
scintillation counting, proportional counting, and 
chemical separation followed by spectrometry, 
depending on the specBc radionuclides of intercst 

Laboratory accreditation procedures for the 
analysis of radionuclides also differ. Radionuclide 
ana@ses are not currently conducted as part of the 
Routine Analytical services (RAS) undez the 
Superfund c19. Howmr, thest analyss may be 
included under special Anaiytical services (SAS). 
The EPA Environmental Radioactivity 
Intercomparison Program, coordinated by the 
Nuclear Radiation Assessment Division of the 

Las Vegas (EMsLtv), provides quality assumcz 
oversight lor partiapating radiation measurement 
laborato+ (EPA 1989b). Over300 federal, state, 

of the program, which indpdeJ analyse for a 
varieqr of radionu- in medie (e&. water, air, 
milk and food) with activity wncentrations tbat 
apprornmatekvdsthat magbe encounteredin the 
environntent Similarinteranuparbonprograms 
for anaiysh of thumoluminescent dosimeters 
("LDS) for sternal radiarion arposprc rate 
measuremeno am conducted by the DOE 

~~~ Monitoring bbOraKOX)' in 

and private laboratories participate in somc phase 

E n m e n t a l  h4easurements Laboratory (EML) 

In both C~SCS, these intercomparison 
programs are less comprehensive than the CLP in 

of performantx evaluation samples, such as 
laboratory space and procedural requirements, 
instrumentation, training, and quality conuoL 
However, until such time as radiation 
measurements -me fdly incorporated in the 

partiapate in these internparison studies may 
be the best available alternative for ensuring 
highquality analytical data Regardless of 
laboratory accreditation, all analytical results 
should be carefully scrutinized and not accepted 
at face value. 

terms of facility requirements other than analysis 

CLP, use of laboratories that suocessfully 

Asdiscussed in Chapter 5 for chemical 
anahrrp#, r a d i m c a l  results that are not 
specific for a particular radionuciide (cg.. gross 
alpha, gross beta) may have limited usefulness for 
quantitative risk assessment They can be useful 
as a sueening tool. however. External gamma 
arposure rate data, although thought of as a 
screening measarement, can be directly applied as 
input data for a quantitative risk assessment. 

18.43 EVALUATING QWAN"ATI0N 
LIMl?s 

Lower Limits of detection (LLDs), or 
quantimtion limits. for standard techniques for 
m a t  radionudide angfyJes are suEaently low to 
ensure the detection of nuclides at activity 
amcenmtions wed below levels of concern. 
There are aaptions, however: some 
radionuclides with very low specific activities, long 
half-- and/or lowenergy decay tmissions (eg.. 

standard techniques. To achieve lower LLDS. a 
laboratory may: (1) use more sensitive 
measurement techniques and/or chemical 
extraction p'ocedures; (2) analyze larger sample 
sizes; or (3) increase &e munting time of the 
sample. A laboratory may also choose to apply 
all three options to increase detection capabilities. 
W i t  10.4 presents examples of typical LLDs 

1-129, C-14) am -t 1O &- p m  Using 

using standard amlytleal techniquts. 

The same special considtrations noted for 
chemical amlyses would also apply for 
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a1 
0.1 

1 
ai ail (dry a) 

-Biota (Wet Wt) 
-Air 

Th-232 OM 
0.2 
om 
0 3  

O.OC#7 
0.007 
O.OW7 
0.01 

U-234 
U-235 
U-238 

-Water 
-soil (dry =I 
-Biota (wet Wt) 
-Air 

0.02 

0.01 
0.2 

ai 
OSXNY7 
a004 
O.OW4 
0.m 
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h-240 -Biota (wet wt) 

-Air 

am 
0.2 
0.01 
0.2 

0.0007 
0.004 
0.0004 
O M  



radionudides that are not detected in any samples 
from a particular medium, but are suspected to be 
present at a site. In these cases, three options may 
be applied: (1) re-analyze the sample using more 
sensitive methods; (2) use the LID value as a 
"proxy" concentration to evaluate the potential 
risks at the detection limit; or (3) evaluate the 
possible risk implication of the radionuclide 
qualitatively. An experienced health physicist 
should decide which of these three options would 
be most appropriate. 

When multiple radionudides are present in 
a sample, various interferences can occur that may 
reduce the analytical sensitiviq for a part iah 
radionuclide. Also, in some areas of high 
background radioactivity from naturally Ocarrring 
radionudides, it may be diflicult to differentiate 
background contributions from incremental site 
contamination. It may be possible to eliminate 
such interferences by radiochemical separation or 
spedal instrumental techniques. 

A sample with activity that is n o n m b l e  
should be reported as less tban the appropriate 
sample and radionuclide-spSc LID value 
Howeve$, panicular caution should be exe&sed 
when applying this approach to radionuclides that 
are difiicult to measure and possess unusually high 
detection limits. as discussed previously. Inmost 
cases where a potentially important radionuclide 
contaminant is suspected, but not deteaed, in a 
sample, the sample should be reanalyzed using 
more rigorous radiochemical procedures and more 
sophisticated detection techniques. 

If radionuclide sample data for a site are 
reported without sample-specSc radionuclide 
quantitation limits, the laboratory wndncting the 

should be contacted to detemme . the 
appropriate LLD values for the analytical 
techniques and sample media. 

10.44 EVALUATING QUALIFIED AND 
CQDED DATA 

various data quamiem and codes may be 
attached to problem data h m  inorganic and 
organic chemical analyses conducted under the 
CLP as shown in Exhiiirs 5-4 and 5-5. These 
indude laboratory qaalifieft assigned by the 

laboatory conducting the analysis and data 
validation quali6ers assigned by personnel involved 
in data validation. These qualifiers pertain to 
QA/QC problems and generally indicate questions 
concerning chemical identity, chemical 
concentration, or both. No coriesponding system 
of qaalifiers has beem developed for radioanalytical 
data, although certain of the CLP data qualifiers 
rmght be adopted for use in reporting 
radioanalytical data. The health physicist should 
define and evaluate any qualifiers attached to data 
for radionuclide analyses. Based on the discussions 
in Chapter 5, the rekrences on methods listed 
above, and professional judgment, the health 
physicist should eliminate inappropriate data from 
use in the risk assessment. 

10.45 COMPARING CONCENTRATIONS 
D r n C r E D  IN BLANKS WITH 
CONCENTRATIONS DEl73C"ED IN 
SAMPLES 

The analysh of blank samples (eg., laboratory 
or reagent blanks, field blanls, caliiration blanks) 
is an important component of a proper 
radioanalyucal program. Analysis of blanks 
provides a measure of contamination introduced 
into a sample during sampling or analysis 
activities. 

The CLP provides guidance for inorganic and 
organic chemicals that are not common laboratory 
contaminants. According to this guidance, if a 
blank contains detectable levels of any uncommon 
laboratory chemical, site sample results should be 
considered pitive only if the measured 
concentration in the sample exceeds five times the 
maximum amount detected in any lblank. Samples 
amraining less than five times the blank 
conaentration should be classified as nondetem, 
and the maxjmnm blank-related concentration 
should be specified as the quantitation limit for 
that chemical in the sample. Though they are 
not copsjdeted to be common laboratory 
contamman ts, radionuclides should not be 
dasified as nondetects using the above CLP 
guidance Instead, the health physicist should 
evaluate all active sample preparation and 
analytical procedures for possible S O ~ ~ O ~ S  of 
contamination. 
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Because radionuclides are not included on the 
Target Compound List (TCL), they may be 
dasifkd as tentatively iden- compounds 
(TICs) under CLP protocols. In reality, hawever, 

that the identity and quantity of radionudides of 
potential concern at a site can be determined with 
a high degree of confidence. In some cases, 
spectral or matxix interferenes may introduce 
Uncertaintie )but these problems mually QUL be 
ovefcome using special radiochemical and/or 
instrumental methods. In cases where a 
radionuclide's identiq is not sui5aently 
welldehed by the available data set: (1) further 
analffes may be wormed using more semithe 
methods, or (2) the tentatively identi6ed 
radionuclide may be included in the risk 
assessment as a omtaminant of potential conam 
with notation of the nncatainty in its identity and 
mnaxttration. 

radioanalyt icalrechniquesaresuff ic i~~~ 

10.4.7 COMPARING SAMPLES 
BACK6ROUNp) 

It is imperative to select, collect, and analyze 
an appropriate number of background samples to 
be able to distinguish bennreen onsite souras of 
radionuclide ContaminanYs h m  radionuclides 
eJcpecred normally in the environment. 
Background measurements of direa radiation and 
radionuclide concentrations in all media of 
amam should be determured at sampling 
locationS geologically similar to the site, ibut 
beyond the innuence of the site. Screening 
measurements (e& gross alpba, Ma,and gamma) 
should be used to determine whether more 
sensitive radionudidespecific analyss are 
warranted Professional judgment should be used 
by the health physicist io select appropriate 
background sampling locations and amlytid 

determinewhich~occPrringradionnclides 
(eg., uranium, radian, or thorium) deteaed onsite 
should be eliminated hnn the quantitative risk 
assessmem AU man-maderadionudidcs dttcaed 
in samples a3Ilected &CJ* however, be retained 
f o r ~ e r ~ ~ t i o n .  

techaJques. 'Ihe health physicist should ab0 

The proass described in section 5.8 for 
selection of chemical data for inclusion in the 
Qpantitarive risk assessment generally applies for 
radionuclides as well. One exception is the lack 
of CLP qpalifiers for radionuclides, as dislcpssed 
previopsly. RadicmucUes of concern should 
indude those that are pitively detected in at 
least one sample in a given medium, at levels 
significantly above levels in blanksamples 

Asdklssed previoasly, the decision to include 
radionuclides not detected in samples from any 
ntedium but mpezted at the site based on 
historical information should be made by a 
qoalidied health physicisL 

and si&pscantly above local backgroand levels. 

muping radionudides for consideration in 
the quantitative risk assessment is generally 

and resttlting health risk is highly dependent on 
the sped& properties of each radionuclide. In 
some ams, however, it may be acceptable to 
group dmfent radioisotopes of the same element 
that have similar radiological CharaaeriSticF (eg., 
Pu-238i239t3Q U-2351238) or belong to the same 
decay series. Sucb pap*  shoaldl be determined 
vcsy stlcaively and seldom offer any significant 
-tage. 

tlmeasq and inappropriate. Radiation dose 

For sites with a large number of 
radbnudides deteaed in samples born one or 
more aredia, the risk assessment should focps on 
a select p u p  of radionuclides that dominate the 
Illdiation dose and health risk to the aitical 
recepm For arample, when mnsiduing 
tmsport through ground watex to distant 

amqueatly, only radionudides with long 

qmrepthway. Fordireaeaemalqomres, 

reaprors, transit times may be very long; 

hatf-livu5 or radioactne progeny that are formed 
dmhg Tmmqort may be of COI Im for that 

high4mxgy gamma emitters are of principal 



wncefll, whereas alphaemineft may dominate 
doses &om the inhalation and ingestion pathways. 
The important radionudides may d i f k  for each 
exposure pathway and must be determined on 
their relative concentrations, half-lives, 
emironmental mobility, and dose wnversion 
factors (see Seaion 10.5 for djscussion of dose 
amversion EaaoR) for each arposore pathway of 
interest. 

The total activity inventory and individual 
amoentrationS of radionlrclides at a Superfund site 
will change with time as some nudides decay 
~ w a y  and others 'grow in' as a result of 
radioactive decay Consequently, it may 
be impartant to d m t e  differem time scales in 
the d k  assessment. For esampk, at a site where 

contaminant of concan in soil at some initial 
time, the pb-210 (half-li& = 22.3 years) and 

become dominant amuibutors to the activity 
onsite over a period of seyeral hundred years. 

Ra-226 (half-life = 1600 yean) is the only 

Po-210 (half-life = 138 days) progeny will also 

FVesentation of resalts of the daEa colkaion 
andevaluation proaesswillbegeneraliythe same 
for radionuclides and chemical con tam in an^ The 
sample table formats presented in Exhibia 5-6 and 
5-7 are equally applicable to radionuclide data, 

should be added, if appropriate for the 
radionudides and arpormrc pathways identified at 
the site. 

except that dirsa radiation -t data 

nos EXPOSURE AND DOSE 
ASSESSMENT 

?his section describes a methoQology for 

humans dram potential arpasmes to radionuclides 
through all pertinent qome  pathways at a 
remedial site These estimates of dose equivalent 
may be used for comparison with radiation 
pnnecciOnstandanlpandaiteria Hownnr,thip 
methbdologg bas been dmehped for regulation of 
oaaapatid radbtion exposures for adults and io 
not compkteiy applicable for estimating health 
risk to the general population. Seaion l(l7.2, 

estimating the +adiarimr dose eqrrivalent to 

therefore, d e s u i i  a separate methodology for 
estimating health risk 

Chapter 6 d e s a i i  the procedures for 
conducting an expuswe assessment for chemical 
contaminants as part of the baseline risk 
assessment for Superfund sites. Though many 
aspects of the discpssion apply to radionuclides, 
the term "exposure" is used in a fundamentally 
different way for radionuclides as compared to 
chemicals. For cheanicals, exposure generally 
refers to the intake (e.& inhalation, ingestion, 
dermal exposure) of the toxic chemical, expressed 
in units of m%kg-day. These units are convenient 
because the toxiciq values for chemicals are 
generally eqmssed in these terms For example, 
the toxiaty value used to assess carcinogenic 
effects is the dope &tor, expressed in units of 
risk of lifetime excess cancers per mgkgday. As 
a result, the producf of the intake estimate with 
the slope facror yields the risk of cancer (with 
proper adjustments made for absorption, if 
necessary). 

Intakes by inhalation, ingestion, and 
absorption are also potentially important exposure 
pathways for adionuciides, although radionuclide 
intake is typically arpressed in units of activity 
(ic, Bq or a) rather than mass. Radionuclides 
that enter through these internal exposure 
pathways may become systemically incorporated 
and emit alpha, beta, or gamma radiation within 
tissues or organs. Unlike chemical assessments, 

con taminants can include anexplicit estimation of 
the radiation dose equivalent. As dEonlsPPll 
previously in Seaion 10.1, the dose equivalent is 
an expression that takes into considemtion both 
the amomt of en- deposited in a unit mass of 
a specific organ or tissue as a result of the 
radioactive decay of a specific radionuclide, as 
are1 as the relative biological elkuiwness of the 
radiations emitted by that n d d e  (Note that the 
t e m  dose has a difkent meaning fer 
radionuciiiaes [dose = energy imparted to a unit 
mass of tissue] than that used in Chapter 6for 

an expure assssmellt for radioactive 

dremicals  dose, ~f absorbed dose =  ma^^ 
penetrating into an organism].) 

Unlike chemicals, radionuclides can have 
deleterious e&ctp on humans without being taken 
into or brought in contact with the body. This is 
because high energy beta partides and photons - 

I 
I 
I 
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from radionuclides m contaminated air, water, or 
soil can travel long with only minimum 
attenuation m these media before depositing their 
energy in human tissues. Bternal radiation 
exponns can result from either ~cposare to 
radionuclides at the site area or to radionuclides 
that have been rransported h m  the site to other 
locations in the environment. Gamma and x-rays 
are the most penetrating of the emitted radiations, 
and comprise the primary contribution to the 
radiation dose from external cpsures. Alpha 
particles are not soffidently energetic to penetrate 
the outer layer of skin and do not contriiute 
signihntlytotheexternaldose. External 
exposwe to beta particles primarilyimparts a dose 
to the outer layer skin cells, although highenergy 
beta radiition can penemate into the human body. 

The quantification of the amount of energy 
deposited in living tissue due to internal and 
exmnal exposures to radiation is tenned radiation 
dosimeUy. The amount of energy deposited in 
living tissue is of concern because the potential 
adverse effects of radiation are proportional to 
energy deposition. The energy deposited in tissues 
is proportional to the decay rate of a radionuclide, 
and not its mass. Therefore, radionuclide 
quantities and concentrations are expressed in 
units of activity (e.&, Bq or a), rather than in 
pnits of mass. 

Despite the fundamental difference between 
the way exposures are expressed for radionuclides 
and chemicals, the approad! to exposure 
assesment presented in Chapter 6 for chemical 
contaminants largely applies to radionuclide 
contaminants. Speciiicaily, the three steps of an 
exposure assessment for chemicals also apply to 
radionuclides: (1) characterization of the exposure 
setting (2) identikation of the exposure 
pathways; and (3) quantification of exposure. 
However, some of the methods by which these 
three steps are carried out are Merent for 
radionuclides. 

105.1 CHARACIEREING THE MPOSURE 
SETIPMG 

Initial charsaeritation of the exposure Jetting 
for radioactively contaminated sites is v i m d l y  
identical to that descr i i  in Chapter 6. One 
additional consideration is that, at sites suspected 
of having radionuclide contamination, a s u ~ e y  

should be conduaed to determine external 
radiation field, using any one of a number of field 

NaI(n) field detectors) (see Bhibit 10-2). Health 
and safety plans should be implemented to reduce 
the poss i i ty  of radiation qosaues that are in 
excess of allowable limits. 

~ u ~ e y  insrmmwu @-v, G-M tubes and 

The identikation of e~cposure pathways for 

that d e s u i i  in Chapter 6 lor chemically 
contaminated sites, with the following additional 

radioactively contaminated sites is very similar to 

guidanceL 

Q In addition to the various ingestion, 
inhalation, and direct contact pathways 
descnbedinChapter6,e;xtanalexposure 
to penetrating radiation should also be 
considered Potential external exposare 



pathways to be considered include 
immersion in contaminated air, 
immersion in contaminated water, and 
radiation exposure from ground surfaces 
contaminated with beta- and photon- 
emitting radionuclides. 

e with nonradioactive chemicals, 
environmentally dispersed radionuclides 
are subject to the same chemical 
proasses that may accelerate or retard 
their transfer ram and may increase or 
decrease their bioaccumulation 
potentials. These transformation 
processes must be taken into 
consideration during the e~cposure 
assessment 

B Radionuclides andego radioactive decay 
that, in some respeus, is similar to the 
chemical or biological degradation of 
organic compounds. Both processes 
reduce the quantity of the hazardous 
substance in the eavironment and 
produce other substances. (Note, 
however, that biological and ckmical 
transformations can never alter, Le., 
either increase or denease, the 
radioactivity of a radionuclide) 

conmiute significantly to the radiation 
exposure and must be considered in the 
assessment. 

Radioactive decay produns can also 

o Chapter 6 presents a series of equations 
(Exhibits 611 through 6-19) for 

These equations and suggested default 
variable values may be used to estimate 
radionuclide intakes as a fmt 
approximation, if the equations are 
modified by deleting the body weight and 
averaging time from the denominator. 
However, depending upon the 
characteristics of the radionuclides of 
conam, consideration of radioactive 
decay and ingrowth of radioactive decay 
products may be important additions, as 

quantification of chemical exposures. 

well as the external exposure pathways. 

e Chapter 6 also refers to a number of 
computer r n a ' t h a t  are used to predict 
the behavior and fate of chemicals in the 

environment While those models may 
be suitable for evaluations of radioactive 
contaminants in some cases, numerous 
models have been developed spedfically 
for evaluating the transport of 
radionuclides in the envirOnment and 
predicting the doses and risks to exposed 
individuals. In general, models 
developed speci6cally for radiological 
assessments should be used. Such 
models include, for example, explicit 
consideration of radioactive decay and 
mgruwth of radioactive decay products. 
(ContactORPforadditionalguidanceon 
the fate and transport models 
recommended by EPA) 

1053 QUANTWYDJGMPOSURE: 
GENERAL CONSHDERATIONS 

One of the primary objectives of an exposure 
assessment is to make a reasOnabk? estimate of 
the maximum exposure to individuals and critical 
population group. 'he equation presented in 
Exhiit 6-9 to calculate intake for chemicals may 
be considered to be applicable to exposure 
assessment for radionaclides, except that the body 
weight and averaging time terms in the 
denominator should be omitted However, as 
disused previously, aposares to radionuclides 
include both internal and external exposure 
pathways. In addition, radiation exposure 
assessments do not end with the calculation of 
intake, but take the calculation an additional step 
in order to estimate radiation dose equivalent 

The radiation dose equivalent to specified 
organs and the effecth dose equivalent due to 
intakes of radionuclides by inhalation or ingestion 
are estimated by multiplying the amount of each 
radionuclide inhaled or ingested times appropriate 
dose amversion factoxs (DCFS), which represent 
the dose equivalent per unit intake. As noted 
previously, the effcaive dose equivalent is a 
weighted sum of the doae equnalena to all 
inradiated organs and tissues, and represents a 
measure of the overall detriment Fedeml 
G u i d a ~ ~  Repon Nu I1 (EPA 1988) provides 
DCFh for each of over 700 radionuclides for both 

important to note, however, that these DCFswere 
developedforregulationdoccupationalacposures 

inhnlationandhptionaposmes. I t i s  
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to radiation and may mt be appropriate for the 
general population. 

Radionuclide intake by inhalation and 
ingestion is calculated in the same mannet as 
chemical intake except that it is not divided by 
bodg weight or averaging time For radionuclides, 
a refereace body weight is already incorporated 
into the Dch, and the dose i s  an expression of 
energy deposited per gram of tissue. 

If intake of a radionuclide is defined for a 
specific time period (e.& Bq&ear), the dose 
equivalent will be expressed in corresponding 

incorporated radionuclides can remain within the 
body for long periods of time, internal dose is 
best expressed in terms of the committed effeaive 
dose equivalent, which is equal to the effeaive 
dose equivalent over the !%-year pcrioa foUowing 
intake. 

terms (e.& Svmj Because sgstemically 

External eqosures may be determined by 
monitoring and sampling of the radionuclide 
concentrations in environmental media, direct 
measarement of radiation fields usiag portable 
insmentation, or by mathenwid modehg. 
Portable s o ~ e y  instruments that have been 

Sv/br), and dose equivaknts can be estimated by 
multiplying by the duration of expure to the 
radiation field. Altemtively, measured or 
predicted concentrations m eavironmental media 
may be multiplied by DCFs, which relate 
radionuclide wnazntrations on the ground, in air, 
o r i n w a t e r t o ~ ~ d o s e r a ~ ( e g . ,  Sv/hrper 
B q / d  for ground contamination or Sv/hr per 
~qd for air or water immexsion). 

properly calibrated OIIl display dose fate (e&, 

?he dose equivalents assodatedwith external 
and inteznal aposures are expressed in identical 
units (cg., Sv), so that ConmlbutiOIIs from all 
pathways can be summed to estimate the total 
eff- dose equivalent value and prioritize risk 
from diffment so-. 

sites Toxic effects from acute radiation exposures 
are possible when humans are exposed to the 
radiation from large amounts of radioactive 
materials released during a major nuclear plant 
accident, such as Chemobyl, or during 
above-groundweaponsdetonations. consequently, 
the exposure and risk assessment guidance for 
radionuclides presented in this chapter is Iimited 

levels of radioactive contaminants. 
to situations causing chronic aposures to low 

105.4 QUANTIFYING EXPOSURE: 
DETERMINING EXPOSURE POINT 
CONCENTRATIONS 

The preferred method for estimating the 
wncenuation of chemical or radioactive 
am taminana at those places where members of 
the public may come into contact with them is by 
direct measurement. However, this will not be 
possible in many circumstances and it may be 
necessary, therefore, to use environmental fate and 
transport models to predict contaminant 
concentrations. Such modeling would be 
necessary, for example: (1) when it is not possible 
to obtain representative samples for all 
radionuclides of concern; (2) when the 
amaminmt has not yet reached the potential 
exposure pins and (3) when the mnuzninanrs 
are below the limits of detection but, if present, 
mn still represent a significant risk to the public 

Numeroas fate and vansport models have 
been developed to estimate contaminant 
concentrations in ground water, soil, air, surface 
water, sediments, and food chains. Models 
developed for chemical contaminants, such as 
thosediscassed in Chapter 6, may also be applied 
to radionactides with allowance for radioactive 
decay snd ingrowth of decay products There are 
also a number of models that have been 
developed spedcally for radionuclides. These 
models are similar to the models used for toxic 
chemicals but have features that make them 
amvedent to use for radionuclide pathway 
-is, such as explicit consideration of 

Available models for use in radiation risk 
~SS~SSII#LUS range in axnplexity h m  a series of 
hand calcpiatiorrs to major computer codes For 
example, NRC Regulatory Guide 1.109 presents 
a methodology that may be used to manually 
estimate dose equivalents from a variety of 

mluxcme decay and daughter ingrowth. . .  



exposure pathways (NRC 1977). J3amples of 
computerized radiological assessment models 
include the AIRDOS-EPA code and the 

extensively by EPA to estimate exposures and 
doses to populations foilowing atmospheric 
r e a  of radionuclides and releases from a 

Guidance on seleaion and use of the various 
models can be obtained from the EPA Of6ce of 
Radiation Programs. 

EPA-PRESTO family of code, which ~ f e  used 

loar-level WBSte disposal Eadlity, reqmively. 

Exhiiit 6-14 Bample of Table Format for 

used for radionuciide contaminants, except that 
radionu&& amcentrations are expressed in terms 
of activity per unit mass or volume of the 
environmenml medium (e+, Bqlkg, Bqh) rather 
thanmass. 

Snmmarin'ng Exposure concentrations, may be 

Section 6.6 presents a description of the 
methods used to estimate intake rates of 
con taminants m m  thevariousarposare pathways. 

input assumptions recommended for use in intake 
calculations. In concept, those equations and 
assumptions also apply generally to radionuclides, 
except that the body weight and averaging time 
terms in the denominators shoulcl be omitted. 

theae calculations for radionuclides is an estimate 
of the radionodide intake, acprezrscd in units of 
activity (eg., Bq), as opposed to mgkgdsy. In 
addition, the endpoint of a mdiatinn ~pobtxre 
assessment is radiation dose, which is calcrrlated 
using DCFs as explained Wow. As explained 
prewiousiy, dose equivalents calclllated in the 
foilowing manna should be used to compare with 
radiation protection stanrlnrdP and criteria, not to 
estimate risk 

Exhiits 6-11 to 6-19 present the equations and 

However, as discpssed previoasly, the product of 

Memall Expsmm &hibits 6-11, 6-l2,6-14, 
617,618, and 6-19 present simplified mdeh for 
the ingestion of warn, food, and soil as pathways 
for the intake of emironmental contaminanrs. 
TherecommendedassPmptioPshringmionrates 
and =PJ== ~- are appbble to 
radionuclide expo~ores and may be used to 
estimate the intake rata of radionlrdides by these 

pathways. As noted previously, howevez, these 
intake estimates for radionuclides should not be 
divided by the body weight or averaging time. 
These intake rates must be multiplied by 
appropriate DCF values in order to obtain 
committed effective dose equivalent values. The 
more rigorous and complex radionuclide pathway 
models noted previously q@cally q u i r e  much 
more extensive input data and may indude default 
parameter values that differ somewhat from the 
values recommended in these exhibits. 

Exhibit 6-16 presents the equation and 
assumptions used to estimate the contaminant 
intake from air. For radionuclides, the dose from 
inhalation of contaminated air is determined as 
the produn of the radionuclide concentration in 
air (Rqd), the breathing rate (nr' per day or 
year), exposure duration (day or year), and the 
inhalation DCF (Sv per Bq inhaled). The result 
of this calculation is the committed effective dose 
equivalent, in units of Sv. 

Chapter 6 points out that dermal absorption 
of airborne chemicals is not an important route 
of uptake. This point is also true for most 
radionuclides, except airborne tritiated water 
vapor, which is efficiently taken into the body 
through dermal absorption. In order to account 
for this route of uptake, the inhalation DCF for 
aitium includes an adjustment factor to a a u n t  
for dermal absorption 

Extanal Expo= Immersion in air 
containing certain beta-emitting and/or 
photonemitting radioactive aontaminants can also 

equivalents from exposure are calculated 
as the product of the airborne radionuclide 
concentration (Bq/m3), the external DCF Sor air 
immersion (Sv/hr per Bqd), and the duration of 
aposure (hours). 

result in external acposnres. Efiective dose 

Exhiiits 6-13 and 6-15 illustrate the dennal 
uptake of contaminants resulting from immersion 
in water of contact with soil. This route of 

chunidq however, dennal uptake is generallynot 
an imponant route of uptake for radionuclides, 

Exremal radiation expure due to submersion in 
wateramtaminated with radionadides is possible 
and h similar to acternal acposure due to 

uptake can be imporeant for many organic 

wtlich hawsmall dermal permeabilityamstanff 



immersion in air. However, because of the 
shielding effeas of water and the generaIly short 
durations of such exposures, immersion in water 
is typically of lesser sigdcancx. The product of 
the radionuclide concentration in water (Bqhd), 
the relevant DCF (Sv/hr per Bq/m3), and the 
duration of scposure (hours) yields effective dose 
equivalent 

The third eJnefnal exposure pathway of 
potential signibnce is irradiation from 
radionuclides deposited on the ground surface. 
Effective dose equivalents resulting from this 
pathway may be estimated as the product of the 
soil surface concentration ( ~ s / m z )  of 
photonemitting radionuclides of concern, the 
external DCF for ground surface exposure (Sv/hr 
per B q d ) ,  and the duration of exposure (hours). 

105.6 COMBINING El"AKJIS AND DOSES 
ACROSS PATHWAYS 

The calculations dgen'bed previously result 
in estimates of committed effective dose 
equivalents (Sv) from individual radionuclides via 
a large number of possible exposure pathways. 
Because a given population m a y  be subject to 
multiple exposnre pathway, the results of the 
exposure assessanent should be organized by 
grouping all applicable exposure pathways for each 
exposed population. Risks from various arposurc 
pathway and contaminants then can be integrated 
during the risk characterization step (see -on 
10.7). 

103.7 EVALUATING UNCERTAINTY 

The radiation exposure assessment should 
include a dixussion of mcertainty, that, at a 
minimum, should include: (1) a tabular summary 
of the values used to estimate arposures and doses 
and the range of these values; and (2) a summary 
of the major assumptions of the exposure 
assessment., induding the uncertainty assodated 
with each assumption and how it might affect the 
exposure and dose  estimate^ Sources of 
uncertainty that must be addressed include (1) 
how well the nlonitorhg data represent actual Site 
mnditionq (2) the expoare models, assumptiom, 
and input variables used to estimate expure 
point cpcxarationq and (3) the values of the 
variables used to estimate intakes and external 
exponm& More comprehensive discussions of 

uncertainv ascmatd . with radiologid risk 
asessment are provided in the.Badgmund 

1989a), Rodiologrcol Assessment (Till and Meyer 
1983), and NCRP Report No. 76 (NCRP 1984a). 

105.8 -6ANDP-G 

I- Doaunaa fiR lk D q ?  EIS fm 
proparad lv€smFs fol RodionrtckdeJ * (EPA 

ExBosuBEAssEssMENTRFsuLTs 

-%it 6.22 presents a sample format for 
spmmarizizLg the res- of the exposure 
assess men^ Theformatmayalso bensedfor 
radionuclide amtaminants except that the entries 
should be spedfied as committed effeahe dose 

(Bq) for each radionuclide of concern. The 
intakes and dose estimates should be tabulated 
for each ,pathway so that the most 
important radionuclides and pathways contriiuting 
to the total health risk may be identified. 

equivalents (sv) and the annual estimated intakes 

The information should be organized by 
e3~pllsarepathwaypopulatim~andcurrent 
and future use ~sspmption~. For radionuclides, 
however, it may not be necesary to Summarize 
short-term and long-tem exposares separately as 
specified for chemical QllltBmiDBllts. 

chapter 7 deaibes the two-step process 

The first step, hazard 
employed to assess the ptential taxicity of a given 
chemical contaminant 
identi6ation. is used to determine whether 
exposure to a mmminant can maease the 
incidence of an adverse health effen The sccond 

quantita~evaluatethetaodcityinformathnand 
characterize the relationship between the dose of 
the contaminant administered or received and the 
incidence of adverse health effeas in the exposed 

step, dose-response assessment, is  used to 

pOpUlatiOlL 

There are certain fpndamental dif6erences 
benueen radiollslads and c h d d s  that 
somewbat simpliq. Way assessment for 
radionudides. As discmwl in the previous 
sections, the adverse effecrr of exposure to 
radiation are due to the energy deposited in 
sensitive tissue, which is referred to as the 



radiation dose. In theory, any dose of radiation 
bas the potential to produce an adverse effect. 

substances is, by d e m o n ,  hazardous. 
Accordhay, exposare to any radioactive 

Dose-response assessment for radionuclides 
is also more straightforward The type of effects 
and the likelihood of occurrace of any one of a 
number of possible adverse effects from radiation 
ezposure depends on the radiation close The 
relationship between dose and effea is relatively 
well charactenjed (at high doses) for most types 
of radiations. As a result, the toxiaty assessment, 
within the context that it is used in this manual, 
need not be explicitly addressed in detail for 
individual radionuclides at each contaminated site. 

The sections that follow provide a brief 
summary of the human and experimental animal 
studies that establish the hazardanddose-response 
relationship for radiationexposure. Moredetailed 
discpssions of radiation miciy are provided in 
publications of the National kademy of sciences 
Committee on Biological Effeas of 'Ionizing 
Radiation (BEIR), the United Nations Scientific 
Committee on Effects of Atomic Radiation 
(UNSCEAR), NRC, NCRP, and ICRP listed in 
the box on this page. 

104.1 HAZARD IDENTIFIcAmON 

The principal adverse biologd effects 
assodated with ionizing radiation arposrues from 
radioactive subtances in the environment are 
carcinogenicity, mutageniciy, and teratogeniaty. 
cardnogeniciy is the ability to produce cancer. 
Mutagenicity is the property of being able to 
induce genetic mutation, which may be in the 
nucleus of either somatic (body) or germ 
(reproductive) ceIls Mutations in gem cells lead 
to genetic or inherited defects. Teratogenicity 
refers to the ability of an agent to induce or 
inuease the incidence of amgenital malformations 
as a result of permanent StrPQpral or functional 
deviations produced during the growth and 
development of an embryo (more annmonly 
referred to as birth defeas). Radiation may 
induce other &leterious eEects at acute doses 
above about 1 Sv, but doses of this magnitude are 
not wumally assodaced with radmcwe 
contamination in the emimnmcllt 

. .  

Asdiscpssed in seaion 10.1, ionizing 
radiation causes injury by breaking molecules into 
elecaically cbarged hgments (k, free adicals), 

may lead to permanent d d a r  damage. The 
degree of biological damage caused by various 
tlrpes of radiationvaxies acuxding to how spatially 
closetogcthcrtheianizationsooaa. Some 
ionizing radiations (e&, alpha particles) produce 
high density regions of ionization For this 

thereby prodpcing chemical rearrangements that 

re&9oD, they arc caned high-LET (linear en- 
tmsfcx)partides. othertypesofradiation(cg., 
X-rays9 Ogmma rags, andbet8 partide) are called 
low-LEI' radiations because of the low densig 
parran of ionization thy produce. In equal 
doses, the carcinogenicity - and mutagenicity of 
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high-LET radiations may be an order of 
magnitude or more greater than those of Iow-LET 
radiations, depending on the endpoint being 
evaluated The variability in biological 

is amunted for by the quality faaor 
used to calculate the dose equivalent (see Section 
lal). 

chrdxqpesis. Anedenslve - body of 
literature exists on adiation carcinogenesis in man 
andanimalc. Thisliteraturehasbeenreviewed 
most recently by the United Nations Scientific 
committee on the Efiecrs of Atomic Radiation 
(UNSCEAR) and the National Academy of 
Sciences Advisory Committee 011 the Biolagical 
Effects of Ionizing Radiations WAS-BEIR 
Committee) (UNSCEAR 1977,1982,1988; NAS 
1972,1980,1988). Estimates of the average risk 
of Edtal can- from low-LET radiation from these 
studies range from approximately 0.007 to 0.07 
fatal cancers per si- 

An increase in cancer inadace or mortality 
with increasing radiation dose has been 
demonstrated for many types of cancer in both 
human populations and labratory animals 
(UNSCEAR 1982, 1988; NAS 1980, 1988). 
Studies of humans exposed to internal or external 
sources of ionizing radiation have Shawn that the 
incidence of cancer increases with increased 
radiation e~rposure. This increased incidence, 
however, is usually associated with appreQably 
p e r  doses and expome hquencics than those 
encountered in the environment. Therefore, risk 
estimates from small doses obtained over long 

the effects observed at high, acute doses. 
Wgnan t  tumors in various organs most often 
appear long after the radiation expure, usually 
10 to 35 years later (NAS 1980,19rS8, UNSCEAR 
1982,1988). Radionuclide metabolism can result 
in the selective deposition of certain radionuclides 
in specific organs or tissues, which, in turn, can 
result in larger radiation doses and 
higher-than-normal cancer risk in these orgam. 

periods of time are detemmd - byartrapolating 

Ionizing radiation cm be mnsidered 
pancarcinogenic, Le., it acrs as a complete 
carcinogen in that it smes as both initiator and 
promoter, and it can induce cancers in nearly any 

humans have been reported in the thyroid, female 
breast, lung, bone marrow ('leukemia), stomach, 

tjssueororgan. R a d i a t i o n - i n d m z d ~ i n  

lives, large intestine, brain, salivary glands, bone, 
e~~piqpis,  small mteshe, Prinary bladder, 
pancreas, m m ,  lymphatic tissues, skis pharym, 
uterus, ovary, mclcosa of cranial sinuses, and 
kidney (UNSCEAR 19n,1982,19gs; NAS 1m 
1980,1988). These data are taken primarily from 
studies of human populations exposed to high 
levels of radiation, including atomic bomb 
spNjvoLs, underground miners, radium dial 
painters, patients injected with thorotrast or 
radium, and patients who received high x-ray doses 
daring various treatment programs. ktrapolation 
of these data to much lower doses is the major 
source of uncertainty in determining low-level 
rsdrawn risks (see EPA 1989a). It is assumed 
that no lower threshold exists for radiation 

. .  

cardnogenesis. 

On average, approximately 50 percent of all 
of tbe cancers induced by radiation are lethal. 
The h u i o n  of fatal cancers is different for each 
type of cancer, ranging from about 10 percent in 
thecase of thyroid cancer to 100 percent in the 

Females 
have apprmdmately 2 tima as many total cancers 
as fatal cancers following radiation exposure, and 
males have approximately 15 times as many (NAS 

case of liver can- (NAS 1980,1988). 

1980). 

Mutagmesis. Very few quantitative data are 
available on radiogenic mutations in humans, 
partlcalarly from lowdose exposures. Some 
mutations are so mild they are not noticeable, 
while other mutagenic effects that do occur are 
similar to nomutagenic effects and are therefore 
not necessarily recorded as mutations. The bulk 
of data supporting the mutagenic character of 
ionizing radiation comes from extensive studies of 

1988; NAS 1972,1980,1988). These studies have 
demonstrated all forms of radiation mutagenesis, 
induding lethal mutations, translocations, 
inversionS, nondisjunction, and point mutations. 
Muration rates calculated from these studies are 
acaapolated to humans and form the basis for 
estimatbg the genetic impact of ionizing radiation 
on hrrmans (NAS 1980,1988; UNSCEAR 1982, 
1- The vast majority of the demonstrated 
mutations in human germ cells contribute to both 
increased mortality and illness (NAS 1W, 
UNSCEAR 1982). Moreover, the radiation 
protection community is generally in agreement 
that the probability of inducing genetic changes 

eqaimental animats (UNSCEAR 1977,198% 



increases linearly with dose and that no 
"threshold" dose is required to initiate heritable 
damage to germ cells. 

The incidence of serious genetic disease due 
to mutations and chromosome aberrations induced 
by radiation is referred to as genetic detrimem 
Serious 'genetic disease induda inherited ill 
health, handicaps, or disabilities. Genetic disease 
may be manifest at birth or may not become 
evident ant3 some time in adulthood. 
Radiation-induced genetic detriment includes 
impairment of life, shortened life span, and 
increased hospitalization. The kequency of 
radiation-induced genetic impairment is relatively 
small in comparison with the magnitude of 
detriment assodated with spontaneously d i n g  
genetic diseases (UNSCEAR 1982,1988). 

Temtcgmests. Radiation is a well-known 
teratogenic agent. The developing fetus is much 
more sensithe to radiation than the mother. The 
age of the fetus at the time of exposure is the 
most important faaor in determining the extent 
and type of damage 6'om radiatioa. The 
malformations produced in the embryo depend on 
which cells, tissues, or organs in the few are 
most actively differentiating a! the time of 
radiation exposure. Embryos are relatively 
resistant to radiation-induced teratogenic effects 
daring the later stages of their dewelopment and 
are most sensitive from just after implantation 
until the end of organogenesis (about two weeks 
to eight weeks after conception) (UNSCEAR 
1% Brent 190). EEecfs on nemus system, 
skeletal system, eyes, genitalia, and skin have been 
nored (Brent 1980). The brain appears to be 
most sensitive during -development of the 
neuroblast (these cells eventually become the 
nene cells). The greatest risk of brain damage 
for the human fetus occurs at 8 to 15 weeks, 
which is the time the nervous system is 
undergoing the most rapid di€ferentiation and 
proliferation of cells (Otake 1%). 

?his seaion describes the relationship of the 
risk of fatal ~u1cef, sezious genetic effects, and 
other detrimeatal health efzectr to exp~~ure to low 
levels of ionizing radiation. Most important h m  
the standpoint of the total societal risk from 
arpasures to low-level ionizing radiation are the 

risks of cancer and genetic mutations. CoasiSten! 
with our current understanding of their origins in 
terms of DNA damage, these effects are beliewed 
to be stochastic; that is, the probability (risk) of 
these effecn increases with the dose of radiation, 
but the severity of the effects is independent of 
dose. For neither induction of cancer nor gene& 
effects, moreover, is there any convincing evidence 
for a "threshold" (Le., some dose level below 
which the risk is zero). Hence, so far as is 
known, any dose of ionizing radiation, no matter 
how small, might give rise to a cancer or to a 
genetic effect in future generations. Conversely, 
there is no way to be certain that a given dose of 
radiation, no matter how l a r s  has caused an 
observed cancer in an individual or will cause one 
in the future. 

Exhiit 10-5 summarizes EPA's current 
estimates of the risk of adverse effects associated 
with human exposure to ionizing radiation (EPA 
1989a). Important points from this summary table 
are provided below. 

0 Very large doses (>1 Sv) of radiation 
are required to induce acute and 
irievenlble adverse effects. It is udikely 
that such exposures would OCCUT in the 
environmental setting associated with a 
potential Superfund site. 

The risks of serious noncarcinogenic 
effects associated with chronic exposure 
to radiation include genetic and 
teratogenic effects Radiation-induced 
genetic efieas have not been observed 
in human populations, and e3arapolation 
h m  animal data reveals risks per unit 
exposure that are smaller than, or 
comparable to, the risk of cancer. In 
addition, the genetic risks are spread 
over several generations. The risks per 
unit arposnre of serious teratogenic 
effeas are greater than the xisks of 
cancer. However, there is a passibiiity 
of a threshold, and the exposures must 
OCCUT over a specific period of time 
daring gestation to cause the e&ct 
Taatogenic efteas can be induced only 
doring the nine months of pregnanq. 
Genetic e&cs are indued during the 
M-year repmductive generation and 
cancer can be m d d  at any point 

B 

- 
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Risk Significant Exposure Period Rislr Factor Range 

Teratogend 
Same mental retardation Weeks 8 to 15 of gestation 

Genetic 
Severe hereditary defects, 
all generations 

somatic 
Fatal cancers Lifetime 

In Utero 
Lifetime 

Genetic 
Severe hereditary defects, 
all generations 

%year reproductive! generation 

Somatic 
Fatal cancers 
All caners 

Lifetime 
Lifetime 

Radon Decav Products Clod wLh4-'1 
Fatal lung cancer Lifetime 

o.oo60.11 

~0.012-0.12 
0.0294.10 
0.019-0.19 

0.016-0.29 

0.0964.96 
0.15-1.5 

140-720 

In addition to the stochastic risk indicated, acute toxicity may OQW at a mean lethal dose of 3-5 Sv 
with a threshold in QD~SS of 1 Sv. 

The range assumes a link, non-threshold doseresponse. Hmwwer, it is plausible that a threshold 
may exist for this e € i a  
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during the lifetime. If a radiation source 
is not controlled, therefore, the 
cumulative risk of cancer may be many 
times greater than the risk of genetic or 
teratogenic effects due to the potentially 
longer period of exposure. 

Based on these observations, it appears that 
the risk of cancer is limiting and may be used as 
the sole basis for assessing the radiation-related 
human health risks of a site contaminated with 
radionuclides. 

For situations where the risk of cancer 
induction in a spenfic target organ is of primary 
interest, the committed dose equivalent to that 
organ may be multiplied by an organ-speci6c risk 
factor. The relative radiosensitivity of various 
organs (i.e., the cancer induction rate per unit 
dose) difkrs markedly for different organs and 
varies as a function of the age and sex of the 
exposed individual. Tabulations of such risk 
faaon as a function of age and sex are provided 
in the Badground Infomurtion Doaunem for the 
Dr@En~nmerualImpactStatemenrfotA.opased 
NESHRPS for Radionuclides (EPA 1989a) for 
cancer mortality and cancer incidence. 

10.7 RISK C m m T I O N  

The 6nal step in the risk assessment process 
is risk characterization. This is an integration step 
in which the risks from individual radionuclides 
and pathways are quantified and aombked where 
appropriate. Uncertainties also are examined and 
discussed in this step. 

10.7.1 REVIEWING OUTPUTS FROM THE 
TOXICrIY AND EXPOSURE 
ASS&MENlS 

The exposure assessment results should be 
expressed as estimates of radionuclide intakes by 
inhalation and ingestion, exposare rates and 
duration for external exposure pathways, and 
committed effective dose equivalents to individuals 
ftom all relevant radionuclides and pathways. The 
risk assessor should compile the supporting 
documentation to ensure that it is suEcient to 
support the *is and to allow an independent 
duplication of the resplts. The review should also 
confirm that the amlysis is reasonably complete 

in terms of the radionuclides and pathways 
addressed 

In addition, the review should evaluate the 
degree to which the assumptions inherent in the 
amlyh apply to the site and conditions being 
addresse& The mathematical models used to 
calculate dose use a large number of 
environmemal transfer factors and dose conversion 
factors that may not always be entirely applicable 
to the conditions being ana@&. For example, 
the standard dose conversion factors are based on 
certain generic assumptions regarding the 
characteristie of the exposed mdividual and the 
chemical and physical properties of the 
radionuclides Also, as is the case for chemical 
contaminan ts, the environmental tmsfer facton 
used in the models may not apply to all settings. 

Though the risk asessment models may 
include a large number of radionuclides and 
pathways, the important radionuclides and 
pathways are usually few in number. As a resalt, 
it is often feasible to check the computer output 
using hand calculations. This type of review can 
be performed by health physicists hmiliar with 
the models and their limitations. Guidance on 
amduuing such calcuIations is provided in 
numerous referen- including 'Ifll and Meyer 
(1983) and NCRP Report Na 76 (NCRP 1984a). 

10.7.2 QUANTIFYMGRISKS 

Given that the results of the earpornre 
asesment are VimJaltY compkte, correa, and 
applicable to the conditions being considered, the 
next step in the process is to calculate and 
combinerisk Asdiscpsscd previously, the risk 
asessnmt for radionuclides is somewhat 
simpued because only radiation carcinogenesis 
needs to be considered. 

Section 105 presents a methodology for 
estimaliq committed effective dose equivalents 
that may be compared with radiation protection 
standards and aitelia 
these dose equivalents (Sv) and (111 appropriate 
risk b u o r  (risk per Sv) yields an estimate of risk, 
the health riskesrimatederived insrrcha manner 
is not ampletely applicable for members of the 
generalpublic Abetter estimateofriskmaybe 
wmputed using age- and SeXgPCCiSc coeBicnts 
forindividualorgansreceivingsignificant radiation 

Although the product of 
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doses 'IhisinformaLionmaybeosedalongwith 
organ-specific dose cooversion factors to derive 
slope factors that represent the age-averaged 
lifetime excess cancer incidence per unit inrake for 
the radionuclides of conaern. The Integrated Risk 
Information System @us) and the Health EEe!crs 
Assgsment Summy Tables contain 
slope fanor values for radionuclides of concern at 
remedial sites for ea& of the four major exposure 
pathways (inhalation, ingestion, air immersion. and 
gzupnd-sprfaQ inadiabn), along with supporting 
documentation for the derivation of these values 
(see m p t e r  7 for more detail on IRIS). 

The slope factors for the inhalation pathway 
should be multiphed by the estimated inhaled 

Seaion 663 and Exbtbit 6-16, without division 
of the body weight and amaging time) for each 
radionuclide of concern to estimate risks from the 
inhalation pathway. S i m i k I y ,  risks from the 
ingestion pathway should be estimated by 
maitiplying the ingestion slope factors by the 
activity ingested for each radionuclide of concern 
(derived using the methods presented in Exhiits 
611, &I.& 6-14, 617, 618, and 619, without 
division by the body weight and averaging lime). 
Estimates of the risk from the air immersion 
pathway should be computed by multiplying the 
appropriate slope hctors by the airborne 
radionuclide conczntration (Bqhd) and the 
duration of exposure Risk from the ground 
surface pathway should be computed as the 
product of the dope haor, the soil concentration 
(Bq/mz), and the duration of aposure for each 
radionuciide of concern. 

activity (derived using the methods presented in 

"he sum of the risks from all radionuclides 
and pathways yieIds the lifetime risk from the 
overall erposure. As disamed in Chapter 8, 
professional judgment must be uhd in combining 
the risks from various pathways, as it may not be 
physicaIly possible for one person to be exposed 
to the Lnaximm radicmuciide anumtrations for 
all Path.arays 

Estimates of the lifetime risk of mcer to 
aposed individuals resulting from radiological and 

order to determine the ovcfan ptential human 
chemid risk assessments mrsy be summed in 

heaIthhazardassodatedwithasite. Certain 
pnCaations should be taken, howewer, before 
summing these risk Fmt, the risk Iusessor 
should evaluate whether it is reasonable to assume 
that the same individual m receive the maximum 
radiological and chemical dose It is p05slble for 
this to oaau in some cases because many of the 
environmental tramport processes and routes of 
exposure are the same for radionuclides and 
chemicals 

In CBSes where difLerent emrironmental me 
and trapsport models have been used to predict 

models may incorporate somewhat 

in incampatibilites in the two estimates of risk 
Oneimpartantdifference ofthis nature is haw the 

developed. For both radionuclides and chemicals, 
~certaddtyvaI~areobtainedbyatrapolation 
from arperiinental and epidemioIogical data. For 
radionuciides. however, human epidemiOlo@cal 
data form the basis of the extrapolation, while for 
many chemical carcinogens, laboratory 
experiments are the primary basis for the 
auapolation. Another even more fundamental 
diBerence bemeen the two is that slope factors 

upper bound or 95th percent confidence limit 
vahe, while radionuclide slope factors are best 
estimate values. 

chemifa and radio- exposure, the 

difkmltasstrmptions. These- canresult - toxicity values ( i  slope fanors) wwe 

for chemw carcinogells generally represent an 

In light of these limitations, the two sets of 
risk estimates should be tabulated separately in 
the iinal bastline risk assessment 

Uncerrainties in tire rip$ assessment must be 
evalpatad and wuding ancertainties in 
the physical setting definition for the site, in the 
mode@ used, in the exposure parameters, and in 
the toddty -t. Monte CarIo uncertainty 
amIyses are frequently perfomed as part of the 
mmtaintyarndsensitivityanalysisforradiological 
risk assewmats A summary of the use of 

asessmmts is provicped in NCRP Rep~rt  No. 76 

Meyer 1983), and in the €fadpmd In- 

llncemhv allalps in support of radiological risk 

OIJW -19 R a d w a g u A s s ~ ~ &  



Thediscmmm - prOviaedinChapter9dso 

suggested outhe pawided in Exhibit 9-1 may also 
be Iwd for mlbmkdy contaminated sites with 
only minor mOQi6catiolls. For emnple, the 
portions that uniquely penafn to the CLP 
program and noncarcinogenic risks are not needed. 
In addition, becaw radion'lrdide hazard and 
toxicity haw! been addressed adequately on a 
generic basis, there is no need for an extensive 

applies to mibandy - conarminatedsites. The 

discMJion of toacity in the report 

I 
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APPENDIX A 

ADJUSTMENTS FOR 
ABSORPTION EFFICIENCY 

This appendix wntains ereample calculations 
for absorption efficienq adjustments that might be 
needed for Superfund site risk astssmenls. 
Absorption adjustmeats might be necessay in the 
risk charaffenza ' tion step to ensum that the site 

ure estimate and the tordcitv value for 
amlDanS0 * narebothexmsed as absorbed doses 
or bot& aoressed as intakes. 

Information concerning absorption effi- 
aencie might be found in the sections dcscnbing 
absorption toxicokinetics in HEAS, HEEDs, 
HEEPs, HADs, EPA drinlciag water quality 
criteria or ambient water quality criteria 
docpmeno, or in A'ISDR toldcological pro6Jes. 
If there is no information on absorption effiaenq 
by the orauinhalation routes, one can attempt to 
find absorption effidcndes for chemically related 
subs- If no iuformaticm is available, 
wllsema* default 8ssllrnptioLIs might be used. 
contact ECAO for further guidance. 

Adjrrmnma may be ncassruy to match the 
arpasure estimate with the toxiaty value if one is 
based on an absorbed dosc and the other is based 
on 811 intake (Le, admini.tmd dcse). 
Adjustmcno may also be mxssary for different 
vehicles of epaslrre (e& water, food, or soil). 

For the dermal mute of expasure, the 
procedures outlined in Chapter 6 rcsult in an 
estimatcoftheabsarbeddosc Toxidtyvalws 
that arearpressed as administered doscs wiII need 
to beadjusted to absorbeddasar for comparison. 
Thir adjustment is &cussed in Section Al. 

For the other roprcs of gposure (L% oral 
andinhalahan - ), the p'oadares outlined in 
Chapter 6 xcsult in an estimate of daily intake. 
If the mxicity value for comparison is expressed 

as an administered dose, no adjustment may be 
necessary (except, perhaps, for vehicle of 

absorbed dosc, however, adjustment of the 
eq06ure estimate (Le., in-) to an absorbed 
dose is needed for comparison with the toxiay 
value. Thisadjustmentisdiscussed in Section 
A 2  

agposore). If the waty value is eqrcssed as an 

Adjustments atso may be necessary for 
Merent absorption ef[iciendes depending on the 
medium of exposare (e.&. contaminants ingested 
with food or soil might be less completely 
absorbed than contaminam ingested with water). 
This adjnsunent is d&assed in Section A3. 

AJADJUSTMENTS OF TOXICITY 
VALUE FROM ADMINISTERED 
TO ABSORBED DOSE 
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oeas 
A relatively mmmative assumption for oral 
absorption in the absence of appropriate 
information would be 5 percent 

5 paaent) bY the B89pointeJtlaal - t r a c t  

A2ADJUSI'MENT OF EXPOSURE 
EsnMATE To AN ABSORBED 
DOSE 

If the toxiaty value is apmsed as an 
absorbedratherthananadminigteffd dose, it may 
be n v  to convert the aposprt estimate 
hum an intake into an abm'bul dose for 
comparison. An example of estimating an 
absorbed dose from an intake using an absorption 
efficicnq k t a r  is provided in the baa in the top 
right comer. Do not adiust emomre estimates 
for alffarwm efsuencv if tbe toxicitv values are 
based on administered doc=$. 

A3ADJUSI'MENT FORMEDIUM 
OF ExposuRE 

If the medium of apo6ure in the site 
exposure assessment diffhs fram the medium of 

-- 

exposme assumed by the toxicity value (eg., RfD 
values usually are based on or have been adjusted 
to reflect exposure via drinking water, while the 
site medium of concern may be soil), an 
absorption adjustment may, on son, be 
appropriate For example, a substance might be 
more completely absorbed foUowing exposure to 
aontaminated drinking water than following 
eqmurc to contamioated food or soil (e.& if the 
spbstance does not desorb from soil in the 
gastrointmind tract). Similar@, a substane 
might be more completely absorbed following 

particulates. The seleuion of adjustment method 
will depend upon the absorption 
inherent in the RfD or slope factor Dsdd for 
compIuisoD. To adjust a food or soil ingestion 
q o m e  estimate to match an FtfD or slope 
faaor based on the assumption of drinkingwatcr 
ingestion, an estimate of the relative absorption 
of the substance fram food or soil and fromwatcr 
isnecded Asamplecalnrlationisprovidedm 
the box on the next page. 

inhalation of v a p  than fouowing inhalation of 

In the absence of a strong argument for 
making this adjustment or reliable information 
on relative absorption elliciencies, assume that the 
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INDEX 

A 
Absorbed' dose 

calcnlation 634, 639, 7-8, 7-10, 7-12 
definition 6-2, 64,6-356-34,7-10, 10-2 
following dermal contact witb soil, 

sediment, or dust 6-39, &41 to 653, 7- 
16 

following dermal contact witb water 634, 

radiation 10-1,10-2,10-6 
toxicity value 7-10, 7-16, 8-5, A-1, A-2 

639, 7-16 

Absorption adjustment 
dermal exposareS 8-5, A-1, A-2 
medium of acposwe 8-5, A-3, A 4  

Absorption efficiency 
default aSmmptiOm 634,639, A-2 to A 4  
demal 634,6-39 
general 6-2, 7-10, 7-20, 8-5, 8-10 

AcFeptable daily intakes 7-1, 7-2, 7-6 

Activity at time t 10-1 

Activity pat- 62, 6-6, 67, 6-24, 7-3 

Acute exposures. See Exposure -- short-term 

Acute toxicants 623,628 

amcentration variability 4-9 
emission sources 4-15 
flow 4 4  
meteorological amlitions 4-15,4-20 
monitoring 4-8,4-9,4-14 
radian- 10-11 
sample type 4-19 
sampling locations 4-19 

spatial CDnSideratfons 4-15 
temporal considerations 4-15,4-20 

&OR-- 4-15 

time and mt 4-21 

Airexposare 
dispersion models 6-29 
indoor modeling 629 
outdoor modeling 629 
volatilization 629 

Analytes 4-2. 5-5 5-5, 5-7, 5-10, 5-27 

Analytical methods 
evaluation 5-5 to 5-7 
radionuclide 10-12,1O-l3 
routine analytical services 4-22 
spedal analytial services 43.4-22 

Animal studies 7-12, 10-28, 10-29, 10-33 

Applicable or relevant and appropriate 
requirement 2-2, 2-7, 2-8, 8-1, 10-8 to 10-10 

ADIS. See Acceptable daily intakes 
Applied dose 62.64 

Administ- dOSe 6-2, 64, 7-1, 7-2, 7-10, 8-2, 
8-5, A-1 to A 4  

Agenq for Toxic Substances and DiseaJe 
Resisay 1-8, 2-1, 2-3, 24, 2-8 to 2-11, 61, 6- 
17, 7-14, 8-1, 8-15, 8-24 

Air data Wllection 
and soil 4-10 
backgrapnd sampling 4-9 

ARAR. Sac Applicable or relevant and 
appropriate requirement 

A(t). See Activity at time t 

A'ISDR See Agenq for Toxic Substaxe and 
Disease RegistIy 

AVeraging time 6-23 



B 
Background 

anthropogenic 4-54-5 
comparison to site related contamination 4- 

defining needs 4-5 to 4-10.6-29, 6-30 
information useful for data collection 4-1 
localized 4-5 
naturally occnning 454-5,8-25,10-14 
sampling 4-5 to 4-10,1O-14 
ubiquitous 4-5 

9, 4-10,4-18 

BCF. See Bioconcentration tanor 

Bench scale tests 4-3 

Benthic oxygen conditions 4-7 

Bioconcentration 411,631,632 

Bioconcentration factor 6l, 612,631,632 

Biota sampling 4-7, 4-10. 4-16 

B h k S  
evaluation 5-17 
field 4-22, 4-23, 5-17, 10-20 

laboratory reagent or method 5-17 

laboratory 4-22, 5-13, 5-17 
laboratory caIiiration 5-17 

trip 4-22, 5-17 

Body weight as an intake variable 622,623,B 
39, 7 4  7-12, 10-26, 10-33 

Bulk density 47,412 

c 
extrapolating to lower doses 7-11, 7-12 
linear low-dose equation 8-6 
multiple pathways 8-16 
multiple substances 8-12 
one-hit equation 811 
radiation 10-28 to 10.32 
summation of 8-12,8-16 

Cancer risks 

carcinogenesis 7-10, 10-28 to 10-32 

Carcinogen Risk ksasmem 
E n d m  7-1, 7-13 

CardnOgenS 54,521,623, 7-10, 8-6, 10-30, 10- 
33 

CDL Seechronicdailyintake 

CEAM, See Center for Expasure Assessment 

Center for J3posure Assessment Modeling 61, 

CERCLA See Comprehensive Emrironmental 

Modeling 

625,631 

Response, Compensation, and Liability Act of 
1980 

CERCLA Information System 2-4 

CERCLIS. See CER- Information System 

Checklist for manager invohrement 9-14 to 9-17 

Chemicals of potential concern 
definition 5-2 

prelimnary assessment 5-8 
radionuclides 10-21 
reducing 5-20 to 5-24 

listing 5-u) 

SU- 5-24 to 5-27 

Chronic daily intake 61,62,623,7-E, 8-1,84 
to 8-11 

CLP. See Contract Laboratory Program 

Combustible gas indicator 5-6 

Common laboratory contaminants 5-2,5-3,5-U, 
5-16, 5-17 

Comprehensive Enviranmental Response, 
Compensation, and Liabiliq Act of 1980 1-1, 
1-3, 2-1 to 2-4 

Concentration-toldcity screen 5-20,s-23 

contact rate 6% 6-22 

1 
B 
I 



definition 4-2 
routine analytical senrices 4-22, 5-5,5-7, 5- 

15,548, 5-20 
special sewices 4 3 , 4 2 5  5-5,5-7 

to 5-10. 5-18 to 5-20 
statements of work 5-5 

conaact-reqaired detection limit Ser 
Deteaion limit 

conuact-required quantimion limit See 
Qnantitation limit 

CRAVE s c c ~ o g e l l ~ k A s s e s s m e n t  
Verification Endeavor 

CRDL See Contract-required detection limit 

Critical study. See Reference dose 

Critical toxicity ef6e& See Reference dose 

CRQL Sae Contract-required quantitation 

Curie 10-2,10-4,10-6 

limit 

D 
D. See Absorbed dose - radiation 

Data 
codes 5-11 to 5-16 
positive 5-2 
qualifiers 5-11 to 5-16 

Data quality objectiws W, 4-1 to 4-5,4-19,4- 

DCF. See Dose eonversion factor 

Decay products 10-2,10-7,10-21,10-24 

Decision Sununaq 9-3 

Declaration 9-3 

Dcnnal 

24,10-14 

absorption 634,639 
COlltaQ with soil, sedimeat, or dust 6 3 9 , 6  

contact with water 634,637 to 6-39, A-2 
41 to 643, A-2 

acposure 4-10,4-11, 444,634, 637 to 6. 
39, 643, 8-5, A-2 

acteraal radiation exposure 10-22,10-23, 
10-25, 10-26 

taodcity values 7-16 

Detection frequency 5-20.5-22 

Deteuion limits 
muact-required 5-1, 5-2, 5-8 

evaluation 4-3 to 4-5, 5-7 to 5-11, 5-20, d 
dehitiioa 5-1, 5-2, 5-8 

31 
instrunlent 4-1, 5-1, 5-7 
limitations to 415,425 5-8 
method 4-22, 5-1, 5-7 
radionuclides 10-17 to 10-20 

Dimsivity 6-12 

Dissolved oxygen 4-7 

DL SeeDetectionlimit 

Docpmentation. See Preparing and reviewing 
the baseline risk assessment 

Dose 
absorbed administered 6-4,7-10,8-2, A- 

absorption efficiency A-1 to A-3 
response cum 7-12 
response evaluation 7-1, 7-2, 7-11, 7-12 

Dose Oonversion factor 10-1,10-2,10-24,10-25, 

1 to A-3 

10-26 

Dose eQpivalent 
opmmitted 10-1,10-2,10-7,10-24,10-25, 

dkctive 10-1,10-510-7,10-24,10-25,10- 
10-26 

26 

DQO. See Data quality objectives 

Dry weight 4-7 

Dust 
aposure 639,643 

aarrsport indoors 6-29 
fpgitive dust generation 4-3,4-5,4lS, 629 



E 
E. s e c ~ u r e l e v e l  

ECAO. See Environmental criteria rancP 
Assessment mce 

Emission sampling 
rate 4-5, 4-7, 4-14 
strength 4-7 

-ASS- H' 1-1, 2-9 

Endangerment assessments 242-8 

Enviro~lental Criteria and Assessment mce 
7-1, 7-15, 7-16, 7-19. 8-1, 8-5, A-1 

EnlJhnmmd Evalhtic#I M A  1-1, 1-11, 2-9, 
4-16 

Environmental Photographic Interpretation 
center 4-4 

EPIC st! Ewironmental Photographic 
Inmpretation Center 

Epidemiology 
site-specitic studies 2-10, 8-22, 8-24 
toxicity assessmcILt 7-3, 7-5 

Essential nutrients 5-23 

Estuary sampling 47,413,414 

&posure assessIrlent 
-tion 1-6, 1-7, 61, 62, 82 
intake calculations 6-32 to 647 
objective 6-1 
output €or dermal contact with 
contaminated soil 639 

output for dennal crpos\lre to 
contaminated water 6-34 

preliminary 4-3.410 to 4-16 
radiation 10-22 to l0-n 
spatial considerations 624 to 6-26 

Expospre c o ~ t r a t i o p s  
and the reasonable lllaximum exposure 6-19 
inair62&629 
in food 631,632 
in ground water 626,627 
in sediment 630 
in soil 627,628 
in Sarface water 629,630 
smmmbing 635633.6-50, 652 

ET== Pathways 
components -6-9 
dewtion 62,82 

10-25,10-26 
anernal radiation aposare 10-p 10-23, 

identi6cation 6-8 to 619 
multiple 6-47 
srunmarizing 6-17,6-20 

F 
Fate and transport assessment all, 614 to 6 

16. S e e u l w ~ a s s e s s m e n t  

Field investigation team 4-1,4-16,4-20,4-24,5- 
1, 5-2 

Field sampling plan 4-l,4-%4-23,4-24,10-15 

Field sueen 4-11.4-2Q 4-21,5-5,54 5-24 

team FlT. &Field- . .  

Food chain 2-3, 4-7.4-10, 4-16, 6-31, 632 

Fraction organic content of_soil4-7 



FSP. See Field sampling plan 

G 
Ground-water data collection 

and air 4-13 
and mil 4-12 
me& g lmmtered samples 412,627 
hydrogeologic properties 4-12 

transport route 4-11 
sample type 4-19 

well location and depth 4-12 

PI 
HADs. See Health Assessment Documents 

HAS. ScrHealthAdvisOries 

Half-life 6-12,lO-2 

Hazard identification 1-6, 7-1, 7-2, 10-28 to 10- 
30 

Hazard index 
chronic 813 
dehition &1,82 
multiple pathways 816, 817 
multiple substamxs 8-l2,&l3 
noncanccr 812,813 
segmgation 814, 8-15 
short-term 8l3,&14 
subchronic 813,814 

Hazard quotient 8-2, 811 

Hszard Ranlcing system 2-5, 24, 4-1, 4-4 

Head measurements 4-7 

WtIlAdvbrm - 2-10, 7-9, 7-10, 813 

Health and Environmental E&as Docmats 
7-1, 7-14, A-1 

Health and Emrironmenta' Promes 7-1, 
7-14, A-1 

Health Assessment Documents 7-1, 7-14, A-1 

Health Effects Assessments 7-1, 7-14, A-1 

Health Effectr Assessment S v  Tables 7-1, 
7-14 

Health physicist 10-3,1&21 

HEEDS. See Health and Environmental EEects 
Documents 

HEEPs. ScrHealthandEwironme ntal Effects 
profiles 

Henry's law axstant 6-12 

HL ScrHazardindez 

HNu organic vapor detector 5-6 

Hot spots 4-10 to 4-12, 4-17, 4-19, 5-27, b%,6 
28 

WQ. See Hazard quotient 

HRS. SeeHazardRankingsystem 

H T -  Sc~Dosetqoivalent 

Hydraulic gradient 4-7 



Insestian 
of dairy prodlaas 4-16, 647,648 
of fish and shell&h 4-3, 411,414, 4-15.4- 

of ground water 6-34,6-35 
of meat 4ls,4-16,647,6.48 
of prodace 4-16, a, 646,647 
of soil, sediment, or dust 639,640 
of surface water 414,634,635 
while swimming 414,634,636 

16,6-43,6-45 

Instrument deteaion limit Sce Deteaion limit 

Linear energy tfTMsfer 10-1,10-2,10-2& 10-29, 
10-31 

Linearized multistage model 7-12,84 

Lipid content 4-7, 10-14 

LLD. See Lower limit of detection 

Inhalation 643,644 
btic  waten 413,414 

Intake &&&a, 6-19,621,&& 10-26 
bmer limit of detection 10-1 

htegratcd Rbk Information 7-1,7-5 7- 
6, 7-12 to 7-15, 8-1, 8-2, 8-7, 8-8, 10-33 

International Agency for Researd! on Cancer 7- 
11 

International *tern of units 10-1 

Ionizing radiation. See Radionaclides, radiation 

IRIS. See Integrated Risk Information System 

Kd 612 

K, 6-12 

K, 612,631 

Krighg 6-19 

L 
Landuse 

andriskcharaaenza ' tion8-10,&20,&26 
cnrrent 66 
future 6-7 

Lentic warn 4-14 

LEr. SCCLinearenergymnsfer 

I & d  Of efdwt 1-6 to 1 4 3 - 3  

I A w e S t ~ ~ 9 m - l e W l  7-1, 7-2, 7- 
7, 8-1 

M 
Management tools 9-1, 9-14, 10-1, 10-34 

IMaximum contaminant levels 14,543 

MCLS. See Maadmam contaminant levels 

MDL See Method deteaion limit 

Media of concern 
air 4-14 
biota 4-15 
ground water 4-12 
samptiag 4-2,4-3,410 to 4-16 
soil 4-11 
s m  waterhedimeats 4-13 

Metals 
absorption by gasmintestinal tract A-2, A- 

Wult assumptions for A-2 
3 

Method detection limit. See Detection limit 

MeV. See Million eleccron volts 

MF. SaModiQing$ctor 

Million electron volts 10-1,104 

Life history stage 4-7 



L 

Pap B-7 

Modeling 4-3 to 4 4 . S 9 , S - z  5-27,6-25,&26, 
8-18 to 8-20 

Modifying factor 7-7, 7-21, 84, 8-8, 10-1, 10-2, 

Monte Carlo simulation 8-19.8-20 

Multistage model. See Linearized multistage 

10-6 

model 

N 
N. See Dose equivalent 

National Oceanographic and Atmospheric 
Administration 61,M 

National Oil and Hazardous Substances 
Pollution Contingency Plan 1-1,2-2,2-4,2-5 

National Priorities List 2-3, 2-5,2-6, 10-1 

National Response Centes 2 4  

National Technical Guidance Studies 61 

NCP. See National Oil and Hazardous 
Substances Pollution Contingency Plan 

ND. SeeNondetect 

NOAk See National Oceanographic and 
Atmospheric Administration 

NQAEL See Nwbserved-adverseeffect-level 

Noncancer hazard indices. See Hazard index 

Noncancer hazard quotient. See Hazard 

Noncarcinogenic threshold toxicants 7-6 

Nondetecu 5-1, 5-2, 5-7, 5-10, 5-11, 5-15, 5-16 

quotient 

N ~ b s e r v c d - a d - l e ~ ~ l  7-19 7-2, 7-79 8- 
1 

Normalized arpoSllre rate 64,8-2, A-2 

NPL See National priorities Ut 

NRC SacNuclearRegdatoryCommission 

NTGS.  s# National Technical Guidance 
StadieS 

Nuclear Regulatory Commission 8-1,10-8 

Nuclear transformation 10-2 

0 
OAQPS. See Office of Air Quality Planning 
and Standards 

OERR. See Wce of Emergency and Remedial 
b p l r m s e  

Office of Air Quality Planning and Standards 6 
1 

Of6ce of Emergency and Remedial Response 1- 
1 

Office of Radiation Programs 10-3, 10-10, 10-14, 
10-24 to 10-26 

Operable units 1-8, 1-9, 3-1, 3-2, 5-24 

Oral absorption A-2, A-3 

Oral cancer potency factor adjustment A-3 

Oral reference dose adjustment A-2 

Organic carbon content 4 7 , 4 1 5 5 4  

Organic vapor amlyzer 5-6 

OVA See Oxygen vapor analyzer 

oxygen-deficient atmosphere 5-6 

P 
PA Scc Prelirmnary assessrnent/site inspeaion 

Partition -ent 47,631,632 

PABL seepreliminaryassessmen~te 
inspeEtion 

PC &e Permeability constant 

P E  See Pafonnanoe tvaluation 



Performance evaluation 5-1,5-5 

Permeability constant &34,10-26 

PersistenOe 4-2,5-21,6-4, 6-23, 6-24 

PH 4-7. 

PHE See Public health evaluation 

Porosity 47,412 

PQL See Practical quantitation limit 

Practical quantitation limit 5-1 

Preliminarg assessment/site inspection 2 4  2-5, 
2 4 4 - 2 , 4 4 6 5  

Preliminary remediation goals 1-3 to 1-5 1-8, 8- 
1 

Preparing and reviewing the baseline risk 

addressing the objectives 9-1, 9-2 

doarmentation tools 9-1 to 9-8 
other key reports 9-3 
review tools 9-3, 9-9 to 9-14 

assessment 

co~unicating the results 9-1, 9-2 

SCOP 9-2, 9-3 

PRGs. See Preliminary remediation goals 

h imq  balancing 1-9 

Proxy wncentration 5-10 

Public health evalatim 1-11 

Q 
Q. See Dose equivalent 

QAPjP. See Quality assurance project plan 

QNQC See Quality Assurance/Qualty Control 

Q L  See Quantimion limit 

cmikxs.see?Data 

Quality assurance project plan 444% 4-23 

Quality assurance/quality conrml34,41,4-3,5- 
1, 5-29 

Quality factor 10-2.10-6 

Quantitation limit 
compared to health-based concentrations 5- 

contract-required 5-1, 5-2, 5-8 
definitions 5-2, 5-5, 5-8 
evaluation 5-1 to 5-9, 10-20 

radionudides 10-17 to 10-20 
sample 5-3 

2, 5-5, 5-7, 5-8, 5-11 

high 5-10 

strategy 4-21 
-Milability 4-3, 5-10 

R 
R A  See RemedWaction 

Radiation See Radionuclides, radiation 

Radiation advisory groups 
International Commission on Radiation 

National Academy of Sdencea 10-28.10-29 
National Council on Radiation Proteaion 

United Nations SdentiBc Committee on 

Protection 10-3,10-9,10-28 

and Measurements 10-9,10-28 

the Effects of Atomic Radiation 10.28, 
10-29. 10-30 

Radiation detection instruments 
gas proportional counters 10.l2,10-l3 
Geiger-Mueller (G-M) counters 10-11, 10- 

ionization chambers 10-11 to 10-13 
scintillation detectors 10-11 to 10-13 
solid-state detectors 10.12, 10-l3 

12 

Radiation units 
becquerel10-1,10-2, 10-4,lM 
curie 10-1,10-2,104,106 
p i d e  10-1 
rad 10-2,10-6 
rem 10-2 
roentgen 10-2 10-6 
sitvlcrt 10-l, 10-2,lM 
working level 10-7 
working level month Lo-7 
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Radionuclides, radiation 
alpha particles 104,10-5,10-28 

decay products 10-2,10-7,10-21,10-24 
definition 10-2 
anernal10-2 
half-lifk 10-2 
internal 10-2 
ionidng 10-2 
linear energy transfer 10-2,10-28,10-29, 

lower limit of dctcction 10-17,10-20 
nemrons 1 M  
photons 10-4,10-5,10-28 

beta particks 104,10-5,10-28 

10-31 

positrons 10-4 
quality w 1b.5 104.10-29 
radi- decay 10-2,10-2 
radon decay products 10-7 
regdlatoory agencies lM, 10-9 
relative biological decrhmem 10-1, 10-6, 

risk charactenza tion 10-32 to 10-34 
toxicity assessment 10-2'7 to 10-32 

10-29 

RAS. SU Routine analybl services 

RBE See Relative biological effectiveness 

RCRk See Resource Conservation and 
Recoverym 

RD. SeeRemedialdcsign 

Reasonablemaximumccpasure 
and body weight 625 623 
and CQntaCc rate 622 
and exposure conceapaton 619 
and exposure frequenq and duration 622 
andriskchamcmm tion 81,  8-15, 8-16, 8- 

definition 6 - 1 , 6 4 6 5  
estimation of 619 to 623,8-15.8-16 

26 

Record of Decision 2-5, 9-3 

Redox poteatial4-7 

7-1, 7-6, 7-9, 8 2  
inhalation 7 8  
oral 7-6, 7-7 
S-c 7-1, 7-2, 7-6, 7-8, 7-9, 8-2, 8-9, 

verified 7-10 
&14 

Regional Radiation Program Managers 10-3,10- 
10 

Reiative biological effeuiveness 10-1, 104.10- 
29 

Release sources 6-10 

Remedial aaion 1-3, 1-8 to 1-10, 2-5, 2-7, 2-9, 
Sb3-2, aa, 10-8 

Remedial action objectives 1-3, 1-8, 2-7 

Remedial design 2-5, 26,  2-9 

Remedial investigati~dfa~ibility Study 1-1 to 1- 
5, 1-8 to 1-10, 2-5 to 2-7, 3-1 to 3-3, 4-1 to 
4-5,4-23,&1 

Remedial project manager 
and background sampling 4-8 
and elimination of data 5-2, 5-17, 5-20, 5- 

21 
and grOund-water Sampling 4-13 
and radiation 10-3 
and reasonable &m arposure 6-5 
and scoping meeting 4-3 
dehition 1-2 
-t tools f a  9-14 to 9-17 

Remedy selection 1-9, 2-5 

Resource Coasenration and Recovery Act 2-7, 
10-8 



RL see Remedial inveStigatiOn/f~iiliLy study 

RVFS. See Remedial investigatiom%dl%Ly 
study 

Risk assessment reviewer 1-2, 9-1,9-3,9-9 to 9- 
14 

Risk assessor 
definition 1-2 
took for documentation 9-1 to 9-8 

Risk characterization 16,1-7,8-1 

Risk information in the RVFS process 1-3 to 1- 
10 

Risk manager 1-2 

RM€ See Reasonable mgrimum exposure 

ROD. See Record of Decision 

Route-to-mute guapolation 7-16 

Routine analytical servjoes. See Contract 

RPM. See &medial project manager 

Laboratory Rogram 

S 
Salinity 4-7, 4-14. 6.5 

Saltwater incursion esent 4-7 

Sample Management Office 6l.4-2.5-1,S-5 

Sample quantitation limit 5-L Sa a b  
Quantitauon limit 

Samples. See Sampling 

SamPW 
annualkasonal cycle 4-20 
composite 4-11,4-14,419 
mt 4-10,4-17,4-14 ez~4-u 
depth 4-7,4-11,4-1g 4-19 

purposive 4-9,4-10,4-~ 418,419 

devices 4-21 
grab 4-19 

radionuclides 10-10 to 10-16 
random 4-9,4-12,618 to 4-20 
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Preface 

This document is part of a two-manual set entitled 
Risk Assessment Guidance for  Superfund.  One 
manual, the Environmental Evaluation Manual, 
provides guidance for ecological assessment a t  
Superfund sites;  the other,  the Human Health 
Evaluation Manual, provides guidance for health risk 
assessment a t  these sites. Guidance in both areas is 
needed so that EPA can meet the requirements of 
sections 121(b)(l)  and (d) of the Comprehensive 
Environmental  Response, Compensat ion,  and  
Liability Act (CERCLA), namely, tha t  selected 
remedial actions be protective of human health and 
the environment. This risk assessment guidance also 
can assist EPA in complying w i t h  other CERCLA 
directives. For example, Section 121(c) requires 
future reviews to ensure that human health and the 
environment continue to be protected at sites where 
contaminants remain after remedial actions were 
completed 
The Risk -4ssessment Guidance f o r  Superfund 
manuals were developed to  be used during the 
Removal and Remedial lInvestigation/Feasibility 
Study (RI/FS) processes a t  Superfund sites.  The 
analytical framework and specific methods described 
in the manuals, however, may also be applicable to 
evaluations of hazardous wastes and hazardous 
materials for other purposes. For the R W S  process, 
these manuals are companion documents to ElPA's 
Guidance for  Conducting Remedial Investigations 
and Feasibility Studies Under CERCLA (October 
1988). and users should be familiar with t h a t  
guidance. The two Superfund risk assessment  
manuals were developed with extensive input from 
EPA workgroups composed of both Regional and 
Headquarters stafT. These manuals are interim final 
guidance; final guidance will be issued after the 
revisions to the  S a t i o n a l  Oil and  Hazardous  
Substances Pollution Contingency Plan (NCP), 
proposed in December 1988, become final. 

Although environmental evaluation and  human 
health evaluation are different processes, they share 
certain information needs and generally will use 
some of the same chemical and other data for a site. 
Planning €or both evaluations should begin during 
the scoping stage of the RUFS, and site sampling and 

other data collection activities to support the t w o  
evaluations should be coordinated. An example of 
this type of coordination is the samplling and anal! si5 
of fish or other aquatic organisms. if such sampling 1s 
done properly, data can be used in assessing human 
health risks from ingestion of fish and s'helbfish and 
in assessing impacts to, and potentiall effects on. :he 
aquatic ecosystem. 

The two manuals in this set have somewhat different 
target audiences. The Environmental E Val ua t i o R 
Manual primarily addresses Remedial Project 
Managers (RPMs) and On-Scene Coordinators 
(OSCs), who are responsible for ensuring a thorough 
evaluation of potential environmental effects at sites. 
The Environmental Evaluation Manual is n o t  a 
detailed "how-to" type of guidance, and it does not 
provide ncookbook'' approaches for evaluation 
Instead, it identifies the kinds of help that RPMs o r  
OSCs are likely to need and where to find that help 
Then  it descr ibes  a n  overall  f ramework  f o r  
considering environmental  effects A detailled 
discussion of environmental evaluation methods may 
be found in Ecological Assessments o f  Hazardous  
Waste Sites: A Field and Laboratory R e f e r e n c e  
Document (EPA/600/3-89/013), published by EP.l\'s 
OEce of Research and Development. The Human 
Health Evaluation Manual, available in 1989, 
provides a basic f ramework for  h e a l t h  r i s k  
assessment a t  Superfund sites. The health evaluation 
manual is addressed primarily to the individuals 
actually conducting health risk assessments for sites 
and1 who are frequently contractors to EPA, States, or 
potentially responsible parties. It is also targeted to 
EPA staff, including those responsible €or ensuring a 
thorough evaluation of human health risks ( i  e , 
RPMs). The Human Health Evaluation Manual 
replaces a previous EPA guidance document, The 
Superfund Public Health Evaluation Manual, or  
SPHEM (October 19861, which should be used until 
the Interim Finul Human Health Evaluation Manual 
is available. The new manual incorporates lessons 
learned from application of the earlier manual and 
addresses a number of issues raised since publication 
of the SPHEM. 
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Chapter 1 
Introduction 

1 This manuall is intended to help Remedial Project 
Managers (RPMs) and On Scene Coordinators (OSCs) 
manage environmental evaluation of Superfund 
sites. Environmental eva'iuation is an  important part 
of the Remedial and Removal processes. Since RPMs 
and OSCs have primary responsibility for managing 
these processes. it is important for them to under- 
stand basic ecological concepts and how they relate to 
hazardous waste remediation. 

Environmen'tal evaluation a t  Superfund sites should 
provide decision makers with information on threats 
to the  n a t u r a l  environment  assoc ia ted  with 
contaminants or with actions designed to remediate 
the site. Decisions such as those made on Superfund 
sites are necessarily made with varying degrees of 
uncertainty The environmental  evaluat ion is 
intended to reduce the inevitablle uncertainty 
associated with understanding the environmental ef- 
fects of a site and its remediation, and to give specific 
boundaries to tha t  uncertainty.  However, i t  is 
important  to recognize t h a t  environmentall 
evaluations are not research projects they are 
not intended to provide absolute proof of dam- 
age, nor are they designed to answer long-term 
research needs.  Not a l l  s i t e s  will r e q u i r e  
environmental evaluations. Indeed, many are in in- 
dustrial areas with little if any wildlife. For those 
sites that do need to be evaluated, the RPM or OSC is 
responsible for determining the level of effort 
appropriate to the decisions required for each site. 

The purpose of this document is to provide a scientific 
framework for designing studies, a t  the appropriate 
level of effort, that will evaluate pertinent ecological 
aspects of a site for the Remedial and Removal 
processes. These ecological aspects include. 

- Living resources a t  or near the site requiring 
protection, 

- Effects of the  site's contaminants on those 
resources, and 

- Effects of remedial actions. 

This manual does not offer detailed descriptions of 
specific field or laboratory methods; these a r e  

discussed in a companion publication prepared by 
EPA's Office of Research and  Development ,  
Ecological Assessments of Hazardous Waste Sites. -4 
Field and Laboratory Reference Document  The 
Superfund Exposure Assessment Manual describes 
methods for estimating and modeling the fate and 
transport of contaminants in the environment. Other 
information that should be used to supplement this 
manual may be found in these and the other publica- 
tions listed inTable 1.1. 

The manual is based on the assumption that RPMs 
and OSCs will obtain assistance from technical 
specialists as early as possible in the assessment 
process, and is designed to facilitate communication 
between the RPM or OSC and these specialists. 
Support for designing and1 evaluating ecological 
assessments is available from technical assistance 
groups in those EBA Regions that have formed them 
In other Regions, ecologists may be found on the 
staffs of other EPA offices and contractors, or on the 
staffs of other Federal agencies The role of these 
specialists is discussed in greater detail in Chapter 4. 

I. I What is Ecological Assessment? 
Although "environmental evaluation" has been a 
commonly used term for this process, ecological 
assessment is a more precise description of the 
activity, and will be used throughout this manual. 

I 

Ecological assessment, as discussed in this manual, is 
a qualitative and/or quantitative appraisal of the 
actual or potential effects of a hazardous waste 
site on plants and animals other than people and 
domesticated species. I t  is important to emphasize, 
however, that the health of people and domesticated 
species is inextricably linked to the quality of the 
environment shared with other species Information 
from ecological s tudies  may point to new or  
unexpected exposure lpathways for human popula- 
tions, and health assessments may help to identify 
environmental threats. 
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Table 1.1 Additional EPA Documents to be Consulted 

Title Soure aeierente NC 

EP45*OPi aa 001 Superfund Exposure Asssssment Manual I 1988) Office O f  SOM Wase ana E 7ergerci Resoarse 

Ecological Assessrneqts 3f Hazardous Waste Sltes. A F eld 
and Laaoraton/ Reference Document (1989) 
Ecological Information Assources Directory ( 19891 
User's Guide to tne Contract Laooratory Program (1989) 

Offlce of Pesearcn ana Devsicore-7 - 
Corvaills Envircrrentat aesearci Laooratorf 
Office 31 Iirsrna[,on Pes0Lr-e Maragereni 
Onice or EmercJePcy m a  Rerreclai ReSDOcse 

E P ~  600 3-a9 0 1  3 

,, P w a a o o r  
OS'PIER Dir 3.220 0-  I 

EPA 560 6-aa 001 Office of TCXIC Suos:ances 

Oulce 21 Soi~a WdS:e w c  Emerl;ency Resocnse EP4 549 6 29 1306 
O W e  3t Sohd wasie ana Emergency Resocnse EP4 540 6-a9 004 

Esamating Toxicity of Industrial Chemicals to Aquatic 
Organisms Usrng Structure Activity Relationshlos (11 988) 

CERCLA Compliance with Other Laws Manual (1988) 

Guidance for Conducnng Remedial Investigations and 
Feasibility Studies under CERCLA ilmerirn Flnal. 1988) 

1.2 Ecological Assessment in the 
Superfund Process 

The Comprehensive E n v i r o n men t all Re s p o n s e ,  
Compensation and Liability Act (CERCLA). as 
amended by t h e  Superfund Amendments  and  
Reauthorization Act of 1986 (SARA), calls upon EP.4 
to protect human health and the environment with 
respect to releases or potential releases of con- 
taminants from abandoned hazardous waste sites. 
The ,proposed revision of the Xational Contingency 
Plan (NCP) calls for identification and mitigation of 
the environmental impacts of these sites and the 
selection of remedial actions that are "protective of 
environmental organisms and ecosystems." In addi- 
t ion,  numerous Federal1 a n d  S t a t e  l laws a n d  
regulations concerning environmental protection are 
potentially "applicable or relevant and appropriate 
requirements" (ARARs). Compliance with these laws 
and regulations may require evaluation of a site's 
ecological effects and the measures needed to miti- 
gate those effects. The specific legislative and other 
mandates for ecological assessment are discussed in 
Chapter 2 of this manual. 

Ecological assessment may take place before, during 
and after removal and remedial actions. Removal 
actions, directed by the OSC, are generally taken in 
response to a n  immedia te  h a z a r d .  W h e n  a n  
emergency response is under consideration, the 
ecological assessment associated with removal 
actions must  be performed quickly.  Exis t ing  
information, augmented by any field data that can be 
collected in a short period of time, will be used to: 

- Decide if removal is necessary based on ecological 
considerations, 

- Predict the ecological effects of removal actions, 
and 

- Provide preliminary information to support a 
Remedial Investigation ifone is needed. 

Ecollogicah data should also be gathered before and 
during remedial action, under the direction of the 
RPM These data will be used to: 

- Determine the appropriate level of detail for the 
ecological assessment, 

- Decide if remedial action is necessary based on 
ecological considerations, 

- Evaluate the potential ecological effects of  the 
remedial action itself, 

- Provide information necessary for mitigation of 
the threat, and 

- Design monitoring strategies for assessing t'he 
progress and effectiveness of remediation. 

A detailed assessment may be required to determine 
whether or not the potential ecological effects of the 
contaminants a t  a site warrant remedial action. 
Although human health is frequently the major 
concern, the ecological assessment may serve to ex- 
pand the scope of the investigation, enlarging tlhe 
area under consideration, or redefining remediation 
criteria, or both. Therefore, when appropriate, the 
Scope of W o r k  f o r  t h e  R e m e d i a l  I n v e s -  
tigatiodFeasibility Study (lRI/FS) should be written 
to incorporate ecological1 investigations as early as  
possible in the process. 

The RPM also evaluates the alternatives outlined in 
the  RI/FS to determine whether the  proposed 
remedial action itself will have any deleterious 
environmental effects. For example, if dredging is 
included as part of a remedial alternative, the effects 
of the dredging on aquatic organisms living on or in 
the sediments will very likely need to be considered. 
If a remediation plan proposes channeling a stream 
into a new drainage area, the downstream effects on 
wetlands may require investigation. 
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Finally.  ecological a s s e s s m e n t  may s u g g e s t  
s t ra teg ies  for moni tor ing  t h e  progress  a n d  
effectiveness of remediation a t  or near a site. For 
example, toxicity tests of soils, sediments, and water 
have been used to supplement chemical residue data 
in establishing cleanup criteria. On-site toxicity tests 
may be more sensitive to low levels of contaminants 
than other monitoring methods, and may indicate 
tosicity of mixtures of contaminants more readily 
than singbe-chemical criteria. 

Environmental evaluat ion and  human hea l th  
evalluation are parallel activities in the evaluation of 
hazardous waste sites. As Figure 1.1 illustrates, 
much of the data and analyses relating to the nature, 
fate, and1 transport of a site’s contaminants will be 
usedl for both evaluations. At each point of these 
common stages,  however,  ana lys t s  should be 
sensitive to the possibility that certain contaminants 
and exposure pathways may lbe more important for 
the environmental evaluation than for the health 
evaluation, or vice versa. I t  is also important to 
recognize that each of the two evaluations can 
sometimes make use of the other’s information. For 
example,  the potent ia l  of a c o n t a m i n a n t  to  
bioaccumulate may be est imated for  a heal th  
evalluation but be useful for the environmental 
evaluation. Similarly, measurement of contaminant 
levels in sport and commercial species for an environ- 
mental evaluation may yield useful information for 
the health evaluation. 

7.3 Who Should Read this Manual? 
This manual is designed for use by Remedial Project 
Managers and On Scene Coordinators. The following 
may also find the manual useful for understanding 
the ecological assessment process as  it rellates to 
Superfund sites: 

EPA Regional Office managers of RPMs o r  
oscs, 
State hazardous waste officials who wish to 
undertake ecological assessments of their 
own, 

EPA contractors and others who may perform 
ecological assessments, 

Ecologists who have no past experience with 
Superfund ecological assessments, and 

Potentially responsible parties (if they are 
performing the work at the site). 

7.4 Organization of the Manual 
This manual is intended to address the following 
questions: 

- How does ecological assessment help EPA 
meet its statutory responsibilities? 

What is the underlying scientific basis for 
ecological assessment? 

- 

- How should the RPM or OSC use technical 
spec ia l i s t s  i n  m a n a g i n g  ecologica l  
assessments? 

- What kinds of d a t a  a r e  necessary for 
ecological assessments? 

The chapters following this introduction are 

- Chapter 2: Statutory and Regulatory Basis 
of Ecological Assessment, 

- Chapter 3: Basic Concepts for Ecological1 
Assessment, 

- Chapter 4: The Role of Technical Specialists 
in Ecological Assessment, 

ment, and 
- Chapter 5: Planning an  Ecological Assess- 

- Chapter 6: Organization and Presentation of 
an Ecological Assessment 

A s  Figure 1.2 illustrates, Chapters 2 through 4 
provide introductions to different aspects of the 
ecological assessment process. Chapters 5 and 6 then 
provide more specSc guidance on the information 
needed in an  ecological assessment. 

Chapter  2 describes the authority provided by 
CERCLA (as amended by SARA), requirements 
contained in the National Contingency Plan, and 
references to ecological assessment in the RYFS and 
Removal Guidances. The chapter also discusses 
Federal standards,  requirements ,  c r i te r ia ,  o r  
limitations that are potential ARARs. 

Chapter  3 describes the basic scientific concepts 
underlying ecological assessment. I t  is intended to 
assist the RPM or OSC in working with the ecologists 
who will provide technical advice or perform the 
studies, by describing the conceptual framework 
within which these specialists make their judgments. 
This chapter defines numerous terms that are used 
later in the manual. Readers who are familiar with 
the concepts and  terminology of ecology and  
environmental chemistry may choose to skim this 
chapter or skip it entirely. 

Chapter  4 details the role of technical specialists in 
ecologica! assessment. Their primary function is to 
assist the RPM and the  OSC in direct ing the  
collection and evaluation of information on ecologxal 
effects. They may serve as advisers or may actually 



I 
Identrfy Contaminants of Concern 

Heaith-Specific General Concern Environment-Specific 
I (Health and Environmental) 

1 
1 

Quantify Release, Yigration and Fate 
1 1 

Run 
Fate and Transport 

Yodels , 

Measure 
Environmental 
Concentrations 

I I 11 

d 
Identify Exposure Routes 

Health-Specdic General Concern ~ Environment-Specific 
(Health and Environmental) I 

6 

Potentially Exposed 
Habitats 

Potentially Exposed 
Populations 

Sport or Corn- Other Species 
, 1 

Human Populations 
l o  I 

a t  Risk m e r c d  Species 
I - 

# LII.I.IIT.IERIN]l 1 
Studies and Tests 

Figure 1.1 

1 
Human Health 

Evaluatlon 
Envmnmental 

Relatienship between health and environmental etvaluations. 

perform the ecological assessment under the direc- 
tion of the RPM or the OSC. 

Chapter 5 discusses the process of developing an 
appropriate study design for assessment of a site, 
including evaluation of contaminants of concern, site 
characteristics, and ecological assessment endpoints. 
In addition to specifying study objectives, this phase 
must also address quality assurance and quality con- 
trol CQNQO issues associated with the assessment. 

Chapter 6 describes a basic outline for a n  as- 
sessment. Although each site's assessment will dXer 

according to the details of the contaminants,  
exposure routes, potentially affected habitats, and 
species, this chapter provides a checklist of items for 
the RPM or  OSC to expect when overseeing the 
preparation of an assessment. For any individual 
site, expansion of the topics here may be needed, with 
appropriate explanations. 

This manual is an introduction to a complex subject. 
Assessment of an actual site requires a detailed 
knowledge of the habitats and species that a r e  
potentially exposed. the activity and movement of 
contaminants in the environment, and the sarnplinq 
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and analytical methods needed to make scientifically 
defensible judgments. Cse of this manual will 
provide a basis for the successful management of 
such assessments. 
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Figure 1.2 Logical organization of this manual. 
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Chapter 2 
Statutory and1 Regulatory Basis of Ecological Assessment 

Ecologxal assessment of hazardous waste sites is a n  
essential1 element in determining overall risk and 
pro tec t ing  publ ic  h e a l t h ,  wel fa re ,  a n d  t h e  
environment. The Agency considers ecological factors 
in assessing hazards and in reviewing alternative 
remedial actions because: 

- Through the authority found in CERCLA ( a s  
amended by SARA) and other  s ta tutes ,  the 
Agency seeks to protect wildlife, f isheries,  
endangered and threatened species, and valued 
habitats. 

- From a scientific viewpoint, the Agency needs to 
examine ecological effects and routes of exposure 
so that  (a) important impacts and tranisport 
pathways are not overlooked, and (b) reasonable 
estimates are made of health and environmental 
effects. 

This chapter describes the statutory and regulatory 
framework underlying ecological assessment .  
Certain provisions of CERCLA and SARA a r e  
especially important in this regard: 

- The s ta tu tes  require tha t  remedial actions 
selected for a site be sdlicient to protect human 
health and the environment. 

- Compliance with applicable or relevant and 
appropriate requirements  (ARARs) en ta i l s  
consideration of numerous Federal and State 
laws and regulations concerning natural resource 
preservation and protection when evaluating 
possible response actions. 

SARA calls upon EPA to notify Federal natural 
resource trustees of negotiations with potentially 
responsible parties and to encourage trustees' 
participation in the negotiations if a release or 
threatened release may result in damages to 
protected natural1 resources. 

- 

The chapter begins with a discussion of the authority 
provided in the amended CERCLA for conducting 
ecological assessments. Section 2.2 describes the 
implementation of CERCLA as outlined in the 
proposed revisions to the National Contingency Plan. 

Guidance documents for removal actions and the 
RUFS process are discussed in Sections 2.3 and 2 4, 
respectively. A wide array of potential ARARs IS the 
subject of Section 2.5.  It is important to nlote. 
however, that this section is not intended to be d n  
exhaustive survey of potential ARARs; the RPlI or 
OSC will need to ascertain the specific Federal dnd 
State requirements that apply to each site, depending 
o n  t h e  c o n t a m i n a n t s  of c o n c e r n  a n d  t h e  
characteristics of the site. 

2.1 CERCLAISARA Authorities 
The Comprehensive Environmental  Response, 
Compensation and Liability Act, as amended by the 
Superfund Amendments and Reauthorization Act of 
1986, requires EPA to ensure the protection of the 
environment in (1) selection of remedial alternatives 
and(2) a s s e s s m e n t  of t h e  d e g r e e  of c leanup 
necessary. Several sections of CERCLA make 
reference to protection of health and the environment 
as  parts of a whole. Section 105(a)(2) calls for 
methods to evaluate and remedy "any releases o r  
threats of releases. . . which pose substantial danger 
to the public health or the environment." Section 
121(b)(l) requires selection of remedial actions that 
a r e  "protect ive of h u m a n  h e a l t h  a n d  t h e  
environment." Section 121(c) calls for "assurance 
that human health and the environment continue to 
be protected." And Section 121(d) directs EPA to 
attain a degree of cleanup "which assures protection 
of human health and the environment." 

CERCLA Section 104(b)(2) calls upon EPA to notify 
the appropriate Federal and State natural resource 
t rustees  promptly about  potential  dangers  to 
protected resources. The Federal natural resource 
trustees include: 

- The US. Fish and Wildlife Service (L'SFWS), the 
Xational Park Service (XPS). and the Bureau of 
Land Management (BLM) of the Department of 
the Interior; 

- T h e  Y a t i o n a l  Oceanic  a n d  Atmospher ic  
Administration (NOAA) of the L.S. IDepartment 
of Commerce: and 
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- The C S. IDepartment of  Agriculture Forest 
Service. 

State agencies and Indian tribes are also designated 
t r u s t e e s  for n d t u r l l  resources  under  t h e i r  
jurisdiction. Section 122f j )  of the amended CERCLA 
requires the Agency to notify the IFederal natural 
resource trustees of any negotiations regarding the 
release of hazardous substances tha t  may have 
resulted in natural  resource damage Section 
122!j)( 1) also calls upon ElPA to encourage Federal 
na tura l  resource t r u s t e e s  to  p a r t i c i p a t e  in 
negotiations with potentially responsible parties 
tPRPs). If EPA seeks to settle with a PRP by signing 
a covenant not to sue, the Federall natural resource 
trustee must agree to this covenant in writing 
Section 122(j) (2) states that: 

The Federal natural resource trustee may agree 
to such a covenant if the potentialiy responsible 
party agrees to undertake appropriate actions 
necessary to protect and restore the natural  
resources damaged by such release or threatened 
release of hazardous substances. 

The ecological assessment directed by the OSC or  
RPM should not be confused with the Preliminary 
Natural  Resource Survey (PNRS) or the Natural  
Resource Damage Assessment  (NRDA),  which 
are performed by natural resource trustees. PNRSs 
are  simple screening studies,  based on readilly 
available information, that  may be conducted by 
trustees to determine whether or not (a) trustee 
resources may have been affected, and (b) further 
attention to trustee resources is warranted a t  a 
particular site. The SRDA may be conducted by one 
or  more trustees if a response action will not 
sufficiently restore or protect natural  resources 
damaged by a release. The purpose of the NRDA is to 
determine the appropriate level of compensation from 
a responsible party. Data collected in a n  ecological 
assessment may prove helpful1 to the trustees in 
carrying out their responsibilities. It is important to 
encourage the natural resource trustee to participate 
in the Superfund process a t  the earliest possible 
stage. In this way, the trustee can be assured that 
any potential environmental concerns are addressed, 
and conclusion of actions may be expedited. 

2.2 The National Contingency PIan 
As required by SARA Section 105, EPA has revised 
the  National Contingency Plan (NCP)l ,  which 
provides for effective response to discharges of oil and 

l USEPA. National Oil and Hazardous Substances Pollution 
Conungenq Plan 40 CFR Part 300. EPA Proposed Revlsions to 
:he NCP at 53 Fed. Reg. 51395 (Proposed Rule, Decemner 21, 
1988). All references to the "proposed NCP" in this manual are to 
thts prooosed rule. Quotattons from the NCP used in this sectton 
die rrom the Pieamole 

releases of lhazardous substances. Section 300 120 of 
the proposed S C P  charges the site-specific OSC or 
RPM with ( 1  1 identifying potential impacts on public 
health, welfare, and the environment, and (2 )  setting 
priorities for this protection. 

Like CERCLX, the proposed S C P  refers throughout 
to health and  environment  as aspects of the 
evaluation and remediation processes. For example. 
in discussing the baseline risk assessment in a 
Remedial Investigation, the purpose is defined ds 
determining "whether the site poses a current or 
potential risk to human health and the environment 
in the absence of any remedial action." The exposure 
assessment in the RI "is conducted to identify the 
magnitude of  ac tua l  o r  po ten t ia l  h u m a n  or  
environment  a 1 exposures '* T h e  toxicity 
assessment "considers . the types of adverse health 
or environmental effects associated with chemical 
exposures." In addition, the proposed SCP states that 
"Superfund remedies will be protective of 
environmental organisms and ecosystems." 

Sections 300.175 and 300.180 of the proposed SCP 
direct the RPM or OSC to coordinate with other 
Federal and State agencies. L'SFWS and XOX.4 are 
specifically cited with respect to endangered o r  
threatened species. Under Section 300.430, the RPJI 
or OSC is to notify affected land management 
agencies and natural resource trustees regarding any 
release or discharge that affects natural resources 
under their jurisdiction. According to the proposed 
S C P ,  "when trustees are  notified of or discover 
possible damage to natural resources, they may 
conduct a prel iminary survey of t h e  a r e a  to 
determine if natural resources under their trust are 
affected." The document adds an important proviso: 

Although a trustee may be responsible for certain 
natural resources dected or potentially affected 
by a release, it is important that only one person 
(i.e., the lead agency OSC or RPM) manage 
activities at the site of a release or potential 
release. The  OSC or  RPM shalk coordinate 
responsibil i t ies for CERCLA sect ion 104 
assessments, investigations, and  planning,  
including Federall trustees' participation in 
negotiations with PRPs as provided in CERCLA 
section 122cj)(l). Close communication and  
coordination between OSCdRPMs and trustees is 
essential. 

If, after the remedial action is completed, any 
hazardous substances remain on a site "above levels 
t h a t  allow for unlimited use and  unrestr ic ted 
exposure for human and environmental receptors ," 
the proposed NCP would require the lead Agency to 
review the remedial action every five years to ensure 
that the environment continues to be protected. - 
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2.3 Removal Acfiog Guidance 
The Guidance covering removal actions calls upon 
the OSC to consider threats to the environment in 
addition to publlic health when preparing the Action 
Memorandum req2:red for all1 remova l s  For  
example, in discussing the  role of the  Sationall 
Response Team >SRTi,  the Guidance states that tne 
S R T  "should be activated as a n  emergency response 
t eam if [ a ]  r e l ease  Liinvolves s ign i f i can t  
population threat or  national policy is jues  or 
substantial th rea ts  to natural  resources " 1  I r .  the 
section on determining the need for and urgenc? of a 
removal, the manual specifies. 

A t  any release, regardless of whether the si:e is 
on the S P L ,  wlhere the OSC determines -ha t  
there is a threat to public health. welfare or rne 
envi ronment ,  . t h e  OSC m d y  t a k e  a n y  
appropriate action to abate, minimize, Gtabilize, 
mitigate or  e l iminate  the actual1 or potential 
release and the resullting threat.; 

For those inc idents  not categorized 3 5  "c!assic 
emergencies," the Guidance indicates that "the OSC 
should conduct more extensive data coi1ec::on and 
analysis to document more completel! the actual %)r 
potential health and environmentall threat." A s  a n  
example, the manual calls on the OSC to "make a 
concerted effort to use existing environmentall and 
health standards as triggers for initiating response 
and as guidelines in determining response actions."? 

In descr ibing the  conten ts  of t h e  p r e l i m i n a r y  
assessment, the Guidance points out that "the OSC 
must incorporate any special lprocedures or technical 
criteria EPA has established for a variety of specidl, 
complex cases ,"  which include floodplains a n d  
wetlands.6 Among the determinations that need to be 
m a d e  a t  t h e  c o n c l u s i o n  of t h e  p r e l i m i n a r !  
assessment, the Guidance includes the foillowing. 

If the OSC determines tha t  natural1 resources 
have been or are likehy to be damaged, the OSC 
should ensure that  the trustees of the affected 
natural resources a re  notified in order that they 
may initiate appropriate actions' . 

The Guidance devotes a section to removal actions in 
floodplains a n a  wetlands, pointing out  t ha t  such 
actions "should be consistent to the extent practicablle 
with Federal policy and procedures for tlhe protection 

*Suoerfund Removal Process (OSWER Directive 9360.5435). 
EPA Office of Emergency and Remedial Response. February 11988 

of floodpiains and  wetlands." Dejcript ions  ana 
references for the ;pecific regulations a re  giver, in 
3ection 2 3. below Cnder the poiic> estaoli3hed ny  
the OtTce of Emergency and Remedial Responze. 
specific actions a re  required of the OSC 

- ":.As1 part of :he preliminary assessmer,t. 
determine whether the release is in, near o r  
dfTeCti7g 2 f!ol;d?lain or .r-er.iar,d " 

- If "the reiease is in pros!rnitl; to or ha3 t t p  
potential to affect a f;Oodpidlr? o r  wet:ana." 
e L , R  1 uate 

- "Possible impact a)f proposea response  
rlctions on ttle floodplain! tvetidna." 

- "Alternate response actions ." and 

- "Measures to minimize Fotentiai adverse 
impacts " 

- ";Dlocument the results of this evaluation :n the 
Xc t ion 51 e mo randu rn . " 

- "[€Insure that the implementation of appro\ ea  
response actions minimizes adverse i m p c t s  on 
the floodplain,\c,etland."- 

The Guidance also makes specific reference to envi- 
ronmental threats in the Appendices describing the 
Action Memorandum. For example, demonstration , ~ f  
actual  or potential "catastrophic envi ronmenta l  
damage" may be cited as the reason for activating an 
OSC's $50,000 authority in a time-criticall removal 
In describing the characteristics of an  incident, the 
OSC is asked to demonstrate " tha t  the incident  
a l r eady  has  posed or  imminent ly  will pose a n  
!rnmir,cnt and significant danger to the public or to 
the environment " One way of demonstrating this IS 
to show "proximity to s ignif icant  n a t u r a  1 
resources." The Guidance goes on to ask several key 
questions whose answers will help determine if the 
incident is time-critical: 

.\re there confirmed reports of injuries to natural 
resources or injuries to or deaths  of flora and 
faura '  Are more anticipated? How sensitive; 
cr i t ical  a r e  these resources (e .g . ,  protected 
wildlife refuge)? Is there catastrophic environ- 
mental damage? 

Even if the incident does not appear to be time- 
critical, the Guidance cautions the OSC that "[slome 
e n v i r o n m e n t a l  t h r e a t s  a r e  n o t  u r g e n t ,  lbut 
n e v e r t h e l e s s  a r e  s i g n i f i c a n t . "  To  a i d  i n  
demonstrating that failure to respond "will create an  

9 



unacceptable impact on natural1 resources and the 
environment," the Guidance poses these questions: 

- "What additional information l(beyond t h a t  
requested in the time-critical screen) documents 
the threat to the environment ( e  g., monitoringor 
other data verifying inj,ury to or destruction of 
natural resources, critical habitatsP" 

- "What are the known short- and long-term effects 
that are likely if there is no response or response 
is delayed? When is that threat likely to manifest 
i t  se I f?"9 

For removals that will take less than 12 months and 
cost less than $2 million, Appendix 6 of the Guidance 
lprovides a model Action Memorandum to assist the 
OSC in meeting the requirements of CERCLA and 
the  pro,posed NCP.  Under the heading "Si te  
Description," the model reminds the OSC to describe 
"areas adjacent to the incident or site in terms of 
vulnerable or sensitive lpopulations. habitats and 
natural resources 'I The section goes on to cite 
sensitive areas  such as wetlands, floodplains, 
"sensitive ecosystems," or wild and scenic rivers. 
Cnder the heading "Threats to the Environment," 
the model calls upon the OSC to 

List all the current and potential threats . . that 
adversely affect the environment (e.g., damage to 
ecosystem, animals, ground water). Identify any 
natural resource or environmental damage that 
already has occurred and the extent of exposure 
(e.g., acute or chronic). Indicate whether there 
have been reports of deaths of flora or fauna (e.g., 
fish kills). . . . Discuss potential damage to the 
environment and indicate a time frame within 
which damage will occur if' response actions are 
not taken. 

Discuss al! actual or potential impacts on the 
affected area. Describe any anticipated exposure 
and whether it is imminent. Indicate whether the 
release threatens endangered species, critical 
wetlands, or other resources protected under law. 
State whether natural resources trustees have 
been notified. 10 

2.4 Remedial Investigation and 
Feasibility Study (RIIFS) Guidance 

Remedial Project Managers are responsible for all 
phases of the remedial process, including but not 
limited to the RI/FS. Ecological assessment of 
appropriate detail may be conducted at  any of these 
phases. The nature, extent, and level of detail of the 
ecological assessment will be determined according 

9 lbid.. Appendix 5. pp. 3-5. 
'0 Ibid.. Acpencix 6. pp. 6-7. 

to the phase of the remedial process, the specific 
study objectives, and the characteristics of the site 
and its contaminants. These decisions should be 
made in close consultation with technical advisers, as 
discussed in Chapter 4. 

This Section focuses on ecological components of the 
RI/FS process as outlined in EPA's RWS Guidance .- 
In the scoping phase, the RPM develops a project plan 
to define the problem and identify solutions. Among 
the activities a t  this stage are 

collecting and anallyzing existing data to develop 
a conceptual model that can be used to assess 
both the nature and the extent of contamination 
and to identify potential exposure pathways and 
potential' human health and/or environmental 
receptors. -2  

As part of the collection and anallysis of existing data. 
the Guidance specifically mentions "evidence of 
biotic contamination," identificati,on of "biotic 
migration pathways," information on ecology of the 
area, and data on "environmental receptors " The 
Guidance further states: 

Existing information describing the common 
flora and fauna of the site and surrounding areas 
should be collected. T h e  locat ion of a n y  
threatened, endangered, or rare species, sensitive 
environmental areas, or critical habitats on or 
near the site should be identified.13 

A limited field investigation may be undertaken in 
this phase of the RUFS process. The Guidance 
includes a preliminary "ecological reconnaissance" in 
the l is t  of possible components of th i s  f ield 
investigation. 

The project planning stage is also the time for the 
RPM to begin preliminary identification of ARARs 
and To Be Considered (TBC) information. The 
Guidance points out that some requirements "may 
set restrictions on activities within specific locations 
such as floodplains or wetlands."iQ 

Characterized as the most important part of the 
scoping process, the identification of da ta  needs 
includes determining the information required to 
"define source areas of contamination, the potential 
pathways of migration, and the potential receptors 
and associated exposure pathways." The objective is 

11 Gurdance for Conducting Remedial Investrgat/ons and 
Feas/bdrly Studres under CERCLA (Interim Final).  OSWER 
Direcnve 9355.3-01. EPA Office of Emergency and Remeaal 
Response. October 1988. 

' 2  Ibid.. p. 2-2. 

l 3  Ibld.. p. 2-7 

'' lbid.. p. 2-13. 
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to determine "whether, octo what extent, a threat to 
human health or the environment exists.**:j 

The culmination of the project planning stage is the 
preparation of the Work Plan and the Sampling and 
Analysis Plan (SXPi The Work Plan includes a 
preliminary evaluation of ( a )  potential pathways of 
contaminant migration and (b) public health and 
environmental impacts. The SAP is a key step in the 
dssessment process, because it defines what data are 
to be sought, why the data are needed, where and how 
the.data will be collected, and how the data will be 
analyzed and interpreted Equally important, the 
SAP specifies the data quality objectives and quality 
assurance plan for the study, indicating the levels of 
precision and accuracy that are expected in data 
collection and analysis, and describing how the 
expected precision and accuracy will be maintained. 

It is at this stage that data collection for ecological 
assessment should be planned, including field 
surveys, toxicity testing, bioaccumulation studies, 
a n d  samplling to d e t e r m i n e  t h e  e x t e n t  of 
contamination:e As with other aspects of the SAP, 
the planning process for ecological assessment may 
be iterative: that  is, analysis of early da ta  may 
indicate tha t  the sampling and  ana lys i s  need 
revision. This may entail expanding the area to be 
sampled or planning new toxicity tests. It may also 
point to a reduction in effort if anticipated results fail 
to materialize. 

In describing the baseline risk assessment for the RI, 
the RUFS Guidance makes frequent reference to the 
ecological side of the assessment. The baseline risk 
assessment is intended to "provide an evaluation of 
the potential th rea t  to human heal th  and  t h e  
environment in the absence of any remedial action." 
T h e  process  inc ludes  a m o n g  i t s  t a s k s  t h e  
identification and characterization of (a) levels of 
contamination in relevant media, including biota, 
and (bl "potential  h u m a n  and  environmental  
receptors." The toxicity assessment component 
"considers . the types of adverse heallth or 
environmental effects associated with individual and 
mul t ip le  c h e m i c a l  e x p o s u r e s . "  T h e  r i s k  
characterization component entails  es t imat ing  
"carcinogenic risks, noncarcinogenic risks,  and 
environmental risks.":' The Guidance specifies 
further: 

Characterization of the environmental risks 
involves identifying the potential exposures to 
the surrounding ecological recelptors a n d  

lIb~d.. p. 2-14. 

' 6  See EPAlORD. Ecologrcal Assessments of Hazardous Waste 
SteS A Fleld and Laboratory Reference Document 
(EPA/600/3-89/013) for specific information on field and 
llaDoratory methoas. 
Ibid.. pp 3-35 through 3-43 

evaluating the potential effects associated with 
such exposure(s). Important factors to consider 
include disruptive effects to populations (both 
p l a n t  a n d  a n i m a l )  a n d  t h e  e x t e n t  a ~ f  
perturbations to the ecological community ..J 

T h e  Feasibil i ty Study involves s c r e e n i n g  o f  
remediation alternatives for their effect i venes 5, 
including their "potential impacts to human health 
and the environment during the construction and 
implementation phase "3 Alternatives are expected 
to be evaluatedl during the screening process "to 
ensure that they protect human health and t h e  
environment from each potential  pathway o f  
concern."?o 

2.5 CERCLA Compliance with other 
Environmental Statutes (ARARs) 

Section 121(d)(2)(A) of CERCLA requires that the 
Superfund remedial action meet Federal and State 
standards, requirements, criteria, or limitations that 
a r e  "applicable o r  re levant  and a p p r o p r i a t e  
requirements" ( A R A R s ) .  The OSC o r  RPSI is 
responsible for identifying potentiall XRARs for each 
site. 

The RPM or OSC should use the E P A  AR.\Rs 
Manual21 to assist in identifying potential ARXRs on 
a case-by-case bas i s .  Some of t h e  F e d e r a l  
environmental statutes and regulations that may be 
ARARs for a particular site include: 

The Resource Conservation and Recovery Act of 
1976, as Amended. RCRA requirements for 
ground-water protection, surface impoundments, 
waste piles, underground storage tanks,  and 
surface treatment a r e  all  considered to be 
potentially applicable for both human health and 
protection of the environment a t  si tes that  
contain RCRA-listed or characteristic wastes and 
where waste management activities took ,place 
after the effective date of the relevant RCRA 
Subtitle. The RPM or OSC should consult with 
the appropriate Regional RCRA staff to make 
t hit; de termination. 

- The Federal Water Pollution Control Act, U S  
Amended. This law, also known as the Clean 
Water Act, includes numerous sections that may 
pertain to remediation of Superfund sites. The 
OSC or RPY should consult the ARARs Manual 
for a detailed discussion of relevant sections. 

Ibrd.. p. 3-43. 

' 9  Ibld., p. 4-24. 

20 Ibld.. p. 4-30. 

21 CERCLA ComOlrance Wtrh Other Laws Manus,. rOSwER 
Directive 9234 1-01) EPA Office of Emergency wa Remeaiai 
Response. Draft. August 8. 198a. 



Section 104, which requires  protection of 
w e t l a n d s ,  is of special1 i m p o r t a n c e  for  
environmental evaluation of Superfund sites. 

- The Clean .4Lr .4ct of 1970. as Amended. Under 
the CAA. EP.\ has established Sational Ambient 
Air Quality Standards for lkey pollutants. In the 
development of these standards,  the Agency 
prepares Air Quality Criteria documents that  
investigate various effects of exposure ,to the 
subject pollutants, including those that occur on 
vegetation. These criteria documents and the 
s tandards  developed from them may helip 
establish remediation criteria whwe airborne 
exposure is possible In addition. EPA has 
established limitations for numerous chemicals 
in i t s  S a t i o n a l  Emiss ion  S t a n d a r d s  for 
Hazardous Air Pollutants and the S e w  Source 
Performance Standards. The OSC or RPM may 
wish to determine the utility of these standards 
for the protection of natural  resources from 
airborne exposure to contaminants. - 

- 

- The Toxic Substances Control Act of1976. Section 
2601 (b)  of the Toxic Substances Control Act 
states the policy of the United States that 'I . 
adequate data should be developed with respect 
to the effect of chemical substances and mixtures 
on health and the environment . . .I@ Data 
collected under TSCA concerning ecological 
effects may prove useful in  d e t e r m i n i n g  
protective levels of contaminants. The OSC or 
RPM should refer to the ARARs Manual for other 
information on applicability of TSCA. 

- 

- The  Federal  Insec t i c ide ,  Fung ic ide  a n d  
Rodenticide Act o f  1947. as Amended. FIFRA 
requires that all pesticides be registered with 
EPA. To obtain registration, manufacturers must 
supplly EPA with cer ta in  d a t a  concerning 
environmental fate and transport, health effects, 
and ecological effects. EPA's Wice  of Pesticide 
Programs ( O P P )  has  issued R e g i s t r a t i o n  
Standards,  which summarize the  Agency's 
assessment of many pesticide active ingredients, 
some of which are found a t  Superfund sites. The 
analyses contained in these documents may 
assist  in the evaluation of hazards  a n d  in 
determining protective levels of contaminants. 
OPP's regulatory positions on the continued 
registration of individual pesticides may also 
provide guidance on controlling environmental 
hazards. 

- Endangered Species Act of 1973, as Reauthorized 
in 1988. Section 7 of the Act requires Federal 
agencies to ensure that  their actions will not 
jeopardize t h e  continued existence of any  
endangered or threatened species. The lC.S. Fish 
and Wildlife Service and the Sational Marine 

- 

Fisheries Service have primary responsibility for 
this Act. 

Fish and Wildlife Consercation Act o f  I950 
Section 2903 requi res  S t a t e s  to ident i fy  
significant habitats and develop conservation 
plans for these areas Although i t  is unlikely that 
a Superfund site would be located in one of these 
significant habitats, the RPM should confirm t 
with the responsible State agency 

Marine Protection. Ressarch and Sanctuarres . k t  
of I972 Section 1401 declares the C S policy of 
regulating dumping to " prevent or  strictly 
limit the dumping into ocean waters of any 
material which would adversely affect human 
health, welfare, or amenities or  the marine 
environment, ecological systems, or  economlc 
lpotentialities." This legislation may be re '  !evant 
for cleanup and removal actions at or near t h e  
ocean. 

Coastal Zone Management Act of 1972 This 
legslation is designed to (a) encourage States to 
develop management plans to protect dnd 
preserve the coastal zone, and ( b )  ensure that 
Federal actions a r e  consistent with these 
management plans. The RPM or OSC would need 
to obtain these management plans if remedial o r  
removal actions will take place in the coastal 
zone. 

Wild and Scenic Rivers Act of 1972. Section 2171 
declares tha t  cer ta in  r ivers  '' . possess 
outstanding remarkable scenic, recreational, 
geologic, fish and wildlife, historic, cultural, or 
other similar value" and should be preserved. If 
remedial or removal action is taking place at  or 
near a river, the RPM or OSC should determine 
whether i t  has been designated as "wild and 
scenic," and whether there are any action-specific 
ARARs regarding the site or its contaminants. 
The  Nat ional  P a r k  Serv ice  h a s  p r i m a r y  
responsibility for this Act. 

Fish and Wildlife Coordinution Act, as Amended 
in 1965. Section 662(a) states that the Fish and 
Wildlife Service must be consulted when bodies of 
water are diverted or  modified by another  
Federal Agency. The facility is to be constructed 
"with a view to the conservation of wildlife 
resources by prevention of loss. or damage to such 
resources  as well  as p r o v i d i n g  for  t h e  
development and improvement thereof. . . ." TI--. 
RPM should consult with USFWS or  NOAA 
remedial action entails  a l ter ing s t reams or  
wetlands. 

The Migratory  B i r d  T r e a t y  Act  of 1972 
implements many treaties involving migratory 
birds. This statute protects almost all species of  - 
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native birds in the C.S. from unregulated "take." 
which can include Kisoning a t  hazardous waste 
sites. The Act is a primary tool of the C.S. Fish 
and Wildlife Service and other Federal agencies 
in managing migratory birds. 

The Marine .Mammal Protectzon Act of 1972. This 
law protects all marine mammals, some but not 
all of which are endangered species. The Sational 
Oceanic and Atmospheric Administration has 
primary responsibility for this Act. The Fish and 
Wildlife Service also has responsilbility for some 
species 

Under the authority of the Clean Water Act, EPA 
develops Federal Water Quality Criteria (FWQCs), 
including criteria for protection of aquatic life In 
1987, EPA's Office of Wate r  Regulat ions and  
Standards revised and published its Quality Criteria 
for Wafer, 1986. For each of more than 120 inorganic 
and organic compounds, this publication contains 
numerical Ambient Water Quality Criteria for the 
protection of fresh and salt water plants and1 animals 
and their habitats, covering both acute and chronic 
exposure. The proposed YCP describes the FWQCs 
as: 

. . nonenforceable guidelines used by the States 
to set Water Quality Standards CWQS) for surface 
water. . . States designate the use of a given 
water body based on its current and potential use 
and apply the FWQC to set pollutant levels that  
are protective of that  use. . . . If a State has 
promulgated a numericall WQS that applies to 
the contaminant and the designated use of the 
surface water a t  a site, the WQS will generally be 
applicable or relevant and  appropr i a t e  for 
determining cleanup levels,  r a t h e r  t h a n  a 
FWQC. 

The proposed XCP discusses the difference between 
use of a FWQC when the water will be used for 
drinking and when the principal human exposure is 
expected through consumption of fish. Separate 
FWQC exist for protection of aquatic life According 
to the proposed NCP. 

A FWQC for protection of aquatic life may be 
relevant and appropriate for a remedy involving 
surface waters lor ground-water discharges to 
surface water) when the designated use requires 
protection of aquatic life or when environmental 
concerns exist at the site. If protection of hurnan  
health and aquatic life are both a concern, the  
more stringent standard should generalllly be 
applied. 

The proposed XCP s e t s  s e v e r a l  c r i t e r i a  for  
determining the relevance and appropriateness of a 
FWQC The FWQC should be "intended to lprotect the 
uses designated for the water body a t  the site, or 
the exposures for which the FWQC are protective are 
liikely to occur." The FWQC "must also reflect current 
scientific information." Finally, the relevance and 
appropriateness "depends on the availlability of 
standards, such as an SICL [Maximum Contaminant 
Level] or WQS, specific for the constituent and use " 

It is important to stress that the above list of statutes 
is not intended to be exhaustive. In particullar. the 
preceding discussion focused only on potentially 
applicable Federal laws and regulations. State, locall. 
and other Federal  r equ i r emen t s  may also be 
applicable or relevant and appropriate. For a specific 
site, specific requirements will apply, depending on 
the contaminants of concern, the location of the site, 
and the potentially exposed receptors. Some. all. or 
none of the potential ARARs discussed in  this Section 
may apply. The RPM or OSC should confer with 
appropriate State regulatory authorities, officials in 
other EPA programs, and representatives of other 
Federal agencies in the event of uncertainty on 
possible ARARs. 

1 

I 

I 



1 
1 

I 
I 
P 
I 
I 
I 
R 
I 

I 

Chapter 3 

Basic Concepts for Ecological Assessment 

This chapter has three purposes. First, the chapter 
introduces and defines ideas and terms commonly 
used in ecology. Our intent is to make the RPM or 
OSC aware of the general meaning of these concepts, 
so as to facilitate discussion with the technical 
specialists providing consultation on ecological 
assessment. Second, the chapter discusses the nature 
of contaminants'  ecological effects. Although a 
contaminant may cause illness or death to individual 
organisms, its effects on the structure and function of 
ecological assemblages may be measured in  terms 
quite different from those used to describe individual 
effects. Third, the chapter describes some of the 
biologicall, chemical, and environmental factors that 
influence the ecological effects of contaminants 

Readers who are  familiar with these topics may wish  
to skim this chapter. Those who are  well versed in 
ecology and environmental chemistry may want to 
skip it entirely. 

3.7 Objects of Study in Ecology 
Eco log i s t s  g e n e r a l l y  s t u d y  t h r e e  l e v e l s  of 
organizat ion:  populat ions,  c o m m u n i t i e s ,  a n d  
ecosystems. (See Figure 3.1 1 Each level has its 
characteristic measures of extent, structure,  and 
change. 

A population is a group of organisms of the same 
species, generally occupying a contiguous area, and 
capable of interbreeding. The size and extent  of 
populations a r e  most often described in terms of 
density, the number of organisms per unit area Such 
terms as standing crop or standing stock may be used 
to indicate population size a t  a particular t ime 
interval. with the unit area specified or implied The 
structure of populations is often expressed in terms of 
the numbers of organisms in different age classes. 
such as eggs, juveniles, and adul ts  Population 
growth and decline are determined by characteristic 
rates of birth, death, immigration, and emigration, 
all of which are subject to change with environmental 
conditions, including interaction with popullations of 
other organ isms. 

S o  species in nature exists in isolation from a11 
others Populations of different species live together 
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Figure 3.1. Levels of organization Of maIter. 
Source. Lving m me Envrronment. 3 E. 3y G 

Tyler Miller Jr Copyright (C) 1982 oy 
Wacswonh, Inc. Reprinted by permission 
of the publisher 

in complex associations called communities. The 
interactions among populations and the chemical and 
physical constraints of the environment together 
determine a community's structure and geographical 
extent. The structure of a community is defined by 
what species are present, in what numbers, and in 
what proportion to each other. I t  is also described by 
the food web, or trophic structure: that is, which 
species eat which other species, or who produces and 
consumes how much. 
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Most communities change seasonally or over longer 
cycles as  some species increase o r  decrease in 
abundance in response to environmental changes 
such as temperature or rainfall cycles. Communities 
also can evolve Ijier longer periods of time in a 
process known s u c c e s s i o n  In  successional 
change, some species are displaced by others and new 
environmental conditions are created that support 
more species For example. when a meadow "grows" 
into a forest, dnnual plants are gradually replaced by 
perennials, shrubs,  and trees.  Each plant type 
modifies the environment in ways that tend to favor 
the succeeding type Eventually, tree canopies shade 
much of the area that was once exposed to sunlight, 
and a leaf-litter layer covers soil that was once bare. 
Species divers i ty  - expressed as  tlhe number of 
species or the relative abundance of the various 
species in a given area - is often used to characterize 
and  compare the  s t r u c t u r e  and  evolut ionary 
"maturity" of Communities. Communities are  in 
constant flux as  organisms a r e  born, eat and get 
eaten, immigrate and emigrate, die and decompose 
These fluxes are described as energy and nutrient 
flows through food webs, and are determined lby rates 
of primary production (photosynthesis) by plants and 
rates of consumption by herbivores, carnivores, and 
decomposers. 

Jus t  as populations exist only in association with 
others  in communities, so too do communities 
interact continuously with the nonliving components 
of the environment in an  ecosystem: "A functional 
system of complementary relationships, and transfer 
and  circulat ion of energy  and  matter ." :  The 
ecosystem comprises all the living organisms, their 
remains, and the minerals, chemicals, water, and 
atmosphere on which they depend for sustenance and 
shelter. Living and nonliving components are closely 
linked, each affecting the other. For example: 

- Soil composition and s t ructure  a r e  often 
highly influenced by the  organisms thlat 
inhabit it, and by the decomposition products 
of organisms after they die. 

- Geological formations such as coral reefs and 
chalk cliffs a r e  the  resu l t  of ca lc ium 
deposition by plants and animals over eons; 
they in turn affect the flow of wind and water, 
and provide habitat  for countless o ther  
organisms. 

Ecosystems are characterized by many of the same 
measures as communities: species composition and 
diversity, 'nutrient and energy flows, and rates of 
production, consumption, and decomposition. Unlike 
community measures, however, ecosystem structure 
and function includes nonliving stores of materials 

Eugene P. Odum. Fundamentals of €co/ogy. Third Edition 
tPhtladelphia: W 8. Saunders Company, 11971 ). 

and energy along with the animals, plants, and 
microbes that make up the biotic portion of the 
environment. Because it encompasses all of the 
relevant physicall and biological rellationjnips 
governing organisms. populations, and communities. 
t h e  ecosystem is genera l iy  cons idered  t h e  
fundamental unit of ecology 

Energy dnd matter flow through ecosystems b y  
means of complex systems known as food chains  
and food webs (See Figures 3 2a and 3 2b I A food 
chain describes the transfer of material and energy 
from one organism to another organlsm as one eats or 
decomposes t h e  o t h e r  F o o d  c h a i n s  3 r e  
hierarchically arranged into trophic levels 

- P r i m a r y  p r o d u c e r s  - g r e e n  p l a n t 5  
(including algae and microscoplc aquat:c 
plants called phytoplankton) - capture s l a r  
energy through photosynthesis  w h i c h  
converts carbon dioxide and water into 
carbohydrates, a form of energy storage 
suitable for use by other organisms. 

- P r i m a r y  c o n s u m e r s  ( h e r b i v o r e s ,  ea t  
plants; 

- Secondary  consumers  ( c a r n i v o r e s )  eat  
herbivores; 

- Tertiary consumers  (top carnivores) feed 
on other carnivores; and 

- Decomposers - including certain fungi, and 
bacter ia  - feed on dead and  decaying 
organisms,  l i b e r a t i n g  s imple  organic  
chemicals and mineral nutrients for recycling 
in the ecosystem. 

Food webs are interconnecting food chains. These 
more realistically describe the complex system of 
pathways by which the flow of matter and energy 
takes place in nature. Such pathways do not always 
foilow a strict progression of producer to herbivore to 
carnivore. Some plants die and a r e  decomposed 
'without first being eaten by herbivores. Many species 
have mixed diets of plant and animal material .  
others change their feeding habits seasonally or have 
different food requirements a t  different life stages. 
For example, many bird species that feed primarily 
on seeds during most of the year switch to insects and 
other hvertebrates when raising young, because the 
higher protein content of the animal prey increases 
the likelihood that the young birds will survive. 

3.2 Types of Ecosystems 
T h e  types of ecosystems vary with cl imat ic ,  
topographical, geological, chemical, and biotic 
factors. On land, they range from Arctic tundras to 
tropical rain forests, sand dunes to mountain tops, - 
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, Figure 3.2a. Examples of Typical Food Chains 
Source: Lvmg m me Envrronmenr. 3/E. by G Tyler Miller. J r  Cspyright (C) 1982 by Wadswonh. Inc Reprinted by 
pecmisslon of the publisher 

deserts to forests, pure stands of evergreens to mixed 
stands of hardwoods. Freshwater ecosystems include 
ponds, Iakes, streams and rivers. In the transition 
zones between land and water, wetlands include 
fresh-water and salt marshes, wet meadows, bogs, 
and  swamps.  Marine ecosystems range  f rom 
estuaries and intertidal zones to the open sea and 
deep Ocean trenches. Each ecosystem type has unique 
combinations of physical, chemical, and biological 
c h a r a c t e r i s t i c s ,  a n d  t h u s  m a y  r e s p o n d  t o  
contamination in its own unique way. Not only does 
the  envi ronment  inf luence  tlhe a c t i v i t i e s  of 
organisms,  b u t  organisms also influence t h e  
environment. 

I 

The physical and chemical structure of an ecosystem 
may determine how contaminants affect its resident 
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species, and  the  biological interact ions may 
determine where and how the contaminants move in 
the environment and which species are exposed to 
p a r t i c u l a r  c o n c e n t r a t i o n s .  For e x a m p l e ,  
contaminants in a forested area may be subject to less 
degradation due to sunlight than the same chemicals 
in grassland soils. Chemicals adhering to soil 
particles are less likely to be washed into streams if' 
t h e  soil is well covered with vege ta t ion  o r  
decomposing leaf litter than if the area is sparsely 
vegetated or bare. 

Terrestrial ecosystems are generally categorized 
according to the vegetation types that dominate the 
plant community. These are the species upon which 
the rest of the community's structure is based - the 
herbivores which feed on the  vegetation, the 



Figure 3.2R A greatly simplified terrestrial food web. 
Source: Lvmg m Me Gtnronrnenr. 3/E. by G. Tyler Miller. J r  Copyright (C) 1982 by Wadsworth, Inc. Reprinted by 
permission of the publisher. 

carnivores which feed on the herbivores and on each 
other, and the decomposers which feed on the dead 
plant and animal  material  and re turn  mineral  
nutrients to the soiI for recycling through the food 
web. The vegetation found at a particular site is 
determined by a wide variety of factors, including 
climate, soil type, altitude and slope of the land, and 
current and former uses of the land by people. Two 
very common ecosystem types in the temperate zone 
are deciduous forests and grasslands. 

Temperate deciduous (leaf-shedding) forests a r e  
found in eastern Yorth America. They have plentiful, 
evenly dispersed rainfall, moderate temperatures, 
and  contrasting seasons. The a n n u a l  leaf fa l l  
provides habitat for large numbers of insects and 
fungi that feed on the leaf' litter, eventually breaking 
it down into organic materials and minerals that  
build up the soil. 

Temperate grasslands cover the interior of Xorth 
America and Eurasia, southern South America, and 
Australia.  They receive moderate  amounts  of 
rainfall. Tall grasses tend to grow in soil having a 

high moisture content, while shorter grasses occur in 
more arid areas.  S'umerous grass species have 
developed adaptations to take advantage of seasonal 
variations in climate. One group grows in the cooler 
temperatures of the spring and fall, while another 
group thrives in the warmer tempera tures  of 
summer. These seasonal shifts in species' growth 
results in a high annual productivity in grasslands, 
as the growing season for the community as a wholle 
is effectively extended to three  seasons.  This  
productivity has allowed grasslands to support large 
herds of grazing animals, such as bison, but the 
comparatively simple vegetation structure tends to 
support fewer animal species than a forest of similar 
size. The high volume of plant material available for 
decomposition in grasslands creates very different 
soill compositions from those created by forest leaf 
litter. Occasional fires contribute to the stability of 
grasslands, as they hinder the growth of competitive 
woody plants. 

Wetllands a r e  a reas  in which topography and  
hydrology create  a zone of transit ion between 
terrestrial and aquatic euvironments. The combined 
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characteristics of each create conditions of great 
productivity and biological diversity Because of 
these unique conditions, both fresh-water and marine 
wetlands perform several important ecoilogical 
functions and provide benefits that can be adversely 
affected by containindtion These include: 

- Hydrologic nenefits such as flood attenuation 
and ground-water recharge; 

- Water-quality benefits such as  ( a )  removal 
and cycling of sediments, organic materials, 
and nutrients, and (b)  stabilization of banks 
and shorelines and control of erosion; and 

- Wildlife benefits such as providing habitat 
and food sources for fish, sheillfish, waterfowl 
and  o ther  birds ,  m a m m a l s  a n d  o t h e r  
wildlife 2 

Contamination may adversely affect wetland 
functions in many ways, depending on the wetland 
type,  geographic location, location w i t h i n  a 
watershed, and other factors.  For example,  a 
contaminated wetland may occur close to a Sational 
or State park or wildlife management area, or may be 
of a type and in an area that contains endangered 
species. (According to the C.S. Fish and Wildlife 
Service, most endangered species in the United 
States  a r e  dependent on wetlands.) Ecological 
impacts to wetlands may be either direct, where a 
contaminant has been deposited into a wetland, or 
indirect, where a wetland is in close proximity to a 
contaminant source. 

The type of wetland may lby itself be important in 
determining the ecological effects of contamination. 
For example, heavy-metal contaminants are  more 
llikely to impair ecological functions when released 
into an acidic bog than a similar release into the 
relatively well buffered waters of a sa l t  marsh.  
Hence, the classification of wetlands can be used as a 
s tar t ing point for the evaluation of ecoilogical 
impacts.3 General wetland types include freshwater 
deciduous wetlands (dominated by red maple in tlhe 
Northeastern US.). wet meadows (transitional stage 
to terrestrial systems), bogs (acidic peat rich soils 
prevalent in the Northeastern U.S 1, bottomland 
hardwood wetlands (dominant in the Southeastern 
US.). and coastal1 salt marshes. 

* For more information. see U S. Fish and Wildlife Service. An 
Overvrew of Malor Wenand Funcoons and Values (FWS/OBS- 
84 181, September 1984. 

For a more complete reference on classficatlon of wetland types. 
see Cowardin. Caner. Golet and LaRoe. Class / fmhon of 

Fresh-water  ecosystems, though comparative 11; 
smaller in area than marine and terrestrial habi:ata. 
are of great significance because they are: 

- A major component in the hydrolopal cycle 
(rivers and streams drain a large percencage 
of the earth's land surface), 

- A breeding and rearing habit for wildlife 
species of value to people, 

- A readily accessible and low-cost source of 
water for domestic and industrial use. and 

- X valued recreational and aesthetic resource 

In fresh-water environments, the dynamics of water 
temperature and movement can significantly affect 
the availlability and toxicity of contaminants. 

The waters in lakes and ponds have relatively long 
residence times For example. consider the Siagara 
River as it flows into Lake Ontario. The Siagara's 
strong currents move a given molecule of water along 
the 37-mile length of the river in about one day 
However, the same molecule will remain in the lake 
for several years before it flows into the St. Lawrence 
River. A similar molecule w i l l  remain in Lake 
Michigan for nearly a century, while another one 
wouId remain in Lake Superior for 191 years. 

In addition, temperate lake ecosystems exhibit strong 
seasonall cycles. In summer, surface waters warm up  
and become thermally stratified - that is, they do 
not mix with the colder bottom waters. (See Figure 
3.3.) A s  a result ,  nu t r ien ts  relleased through 
decomposition of animal and plant material tend to 
accumulate in the bottom waters. In the fall and 
spring, when these tempera ture  differentials 
disappear, the waters in the lake are able to mix, 
allowing circulation of accumulated nutrients. As 
nutrients are brought up into water that  receives 
sunlight, they Ibecome available to aquatic plants, 
which c a n  use t h e  n u t r i e n t s  to  s u p p o r t  
photosynthesis. These plants provide energy that 
sustains growth of most other organisms in the lake 
system. A t  each of these seasonal shifts, the biotic 
communities in the upper waters exhibit clear 
success iona l  c h a n g e s  i n  t h e i r  p l a n k t o n i c  
communities. ( P l a n k t o n  a r e  small plants and 
animals that float passively, or can swim weakly, in 
the water column.) These annual cycles can also 
greatly influence the availability of contaminants 
that may reside in the lake sediments for part of the 
year and be dissolved or suspended in the water 
column at other times. Such contaminants may 
become available to upper-water organisms during 
periods of mixing. 

Wetlands and Deepwater Habifafs of the United States.  
(FWS/OBS-;g/31) U.S IF& and Wildlife Service December Rivers and are different from 
1979. lakes and ponds not only in their obvious physical 

19 



W8inter Sum-er 

Oxygen (Paxts Per Million) 
Tern per a t  u re 
Oxygen 

-- - 

A - . - - - . . . . 

Figure 3.3 Thermal stratification of a north temperate lake. 
Summer ConaitlOnS 3re SnOwn On the rlgnt. w r e r  CCnaItICnS cn :*e et! Note !hat lr sumier a 'warm 3qgeP-rich 
circulating layer of water !he epilimnion. IS seoararec + o r  rne cola oqpe? ooor nvpoilmnlon 'waters oy a orcaa 
zone. callea the therm0Cline. whicfi is characterlzea Dy a 'aota mange in 'emoerature ana oxygen Ntth ncreaslng 
depth 
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Source: 

conditions (e.g.. moving vs. standing water, low vs. 
high degree of thermal stratification) but also in the 
types of organisms that they can support, especially 
in the numbers of smaller organisms and in the types 
of larger plants and animals. For example, a racing 
brook will have low numbers of plankton (regardless 
of the concentrations of nutrients present) because 
the current rapidly moves them down-stream. In the 
same brook, large plants must be firmly attached to 
rocks or rooted in the sediment, and fish must he 
strong swimmers. In contrast, a lake or pond can 
accumulate high densities of plankton, and lily pads 
and slow-swimming fish can thrive.  As a broad 
generality, food chains and food webs in flowing 
waters will have fewer links or trophic levels than 
those in still waters. 

Marine ecosystems a r e  of primary importance 
because of their vast size and critical ecological 
functions, which maintain much of t h e  global 
environment's capacity to sustain life. Tlhe sea 
accounts for some 70 percent of the earth's surface 
and supports a wide variety of life forms at all depths, 
especially in the areas  bordering continents and  
islands. Oceans are constantly in motion and always 
circulating, which is cri t ical  for replenishing 
nutrients and dissolved oxygen vital for marine life. 
The world's Oceans have pH values around 8 and 
average salinity of about 35 parts per 1,000. (Fresh 
water averages less than 0.005 parts per 1,000.) 

The continentab shelf comprises the submerged 
margins of the lland mass. The high concentration 
and diversity of marine life found here is due to a 
high level of nutrients deriving from both land and 
sea bottom. Most of the world's marine fishing 
grounds  a r e  on  t h e  c o n t i n e n t a l  she l f .  T h e  

characteristics of different types of ecosystems in thls 
area can affect the nature and magnitude of  the 
ecological risk associated with Contaminants 
Inter t idal  environments, with their continuous 
cycles of exposure and re-immersion, provide unique 
physical conditions for resident organisms and for 
flow and availability of contaminants. For instance, d 
volatile compound introduced into a rocky intertidal 
zone with considerable wave and tidal action will  
volatilize into the air much more rapidly than the 
same chemical released into a marsh with few waves 
and little tidal action. As another example, crude oil 
spilled onto the rocky, wave-swept coast of France in 
the early 1970s is now difficult if not impossible to 
detect; similar oil spilled about the same time along a 
marsh in  Buzzards Bay, Massachusetts, is st i l l  
detectable. Hence, tidal and subtidal ecosystems may 
range from relatively sheltered estuaries, where 
sediment deposition is the major physical condition. 
to open coasts, where wind and wave exposure are the 
dominant forces governing the fate of chemicals. 

Estuaries are partly open bodies of water closeby 
associated with the sea in coastal zones, including 
river mouths. bays, tidal marshes, or waters behind 
barrier beaches. The mechanics of estuarine systems 
are unique since they are strongl'y influenced by the 
salt water of tides and the drainage of fresh water 
from land. Tides play an important role in removing 
wastes and providing food. With a continual flow of 
nutrients from upstream and from nearby marine 
environments, estuaries support a multitude ot' 
diverse communities, and are more productive than 
their marine or freshwater sources. They are dlso 
especially important  as breeding grounds for  
numerous fish, shellfish, a5d species of birds. 

20' 



8 
I 
I 
I 
1 

II 

f 
1 

3.3 Effects of Contaminants on 
Ecosystems 

The introduction of contaminants into a n  ecosystem 
can cause direct  ha rm t o  o rgan i sms ,  or may 
indirectly affect their  arbility to su rv ive  and 
reproduce The results of contamination may be 
immediately apparent or may become noticeable only 
after considerable delay. The effects of contaminants 
on ecosystems are due in part to the physical and 
chemical properties of the chemicals themselves, but 
a r e  also mediated by the unique combination of 
physical, chemical, and biological processes occurring 
in each ecosystem. In addition, populations of exposedl 
o r g a n i s m s  c a n  differ  i n  t h e i r  r e s p o n s e  to  
contaminants depending on their natural tolerance 
to the chemical, their behavioral and life-history 
characteristics, the dose to which they are exposed, 
and the exposure time. Furthermore, responses may 
be transient (and therefore reversible) or permanent 
(irreversible). 

Ecological assessment seeks to determine the nature, 
magnitude, a n d  t r ans i ence  or permanence of 
observed or  expected effects .  T h i s  m u s t  be 
accomplished i n  an environment tha t  is i tself  
changing and causing change in the organisms and 
systems under study Hence, one critical goal of 
ecological assessment is to reduce the uncertainty 
associated with predicting and measuring adverse 
effects of a site's contaminants. 

3.3.1 Reduction in Population Size 

Populations change in size through births, deaths, 
immigration, and emigration. Contaminants can 
cause reductions in populations of organisms through 
numerous mechanisms affecting one or more of these 
four processes. Most obvious a r e  increases  in  
mortality due to the exposure of some organisms to 
lethal doses, or decreases in birth rates caused by 
sublethal doses. Mortality may also increase because 
a food source (e.g., a key prey species) has been 
depleted, perhaps by exposure to the contaminant, or 
because the contaminant a1 lows tolerant organisms 
to outcompete other species for scarce resources. 
Birth rates can decline not only due to toxic effects 
but also through reduction of suitable breeding 
habitat or changes in the availability of high-quality 
food for breeding females. Populations may also be 
reduced through increased emigration or decreased 
immigration if organisms can sense and avoid 
con taminan t s  i n  the  e n v i r o n m e n t ,  or if t h e  
contaminants' sublethal effects cause a change in 
migratory behavior. 

3.3.2 Changes in Community Structure 

Many communi t i e s  a r e  constant ly  chang ing .  
Populations may increase and decrease with the 
seasons or  over longer periods. Predation a n d  

competition among species may bring about changes 
in the relative abundance of various species Chance 
events. such as severe storms, may cause sudden 
increases in mortality of some species and open up  
habitat for others to colonize. Underlying all of this 
change, however, is a certain range of possibilities 
that help to define a given community In the ab: -ence 
of a major disruption. species composition Ana 
relative abundance in a community can be expecred 
to vary within definable lboundaries, perhaps 
cyclically or perhaps randomly 

Contaminants introduced into such systems create 
new boundaries, changing the range of possibilities 
in ways that are not a lways predictable Because 
most contaminants of concern exhibit toxic effects. 
they often reduce the number and kinds of species 
that can survive in the habitat. This may result in 
community dominated by large numbers of a few 
species that are tolerant of the contaminant, or d 
community in which no species predominate but most 
of the component polpulations c o n t a i n  fewer  
organisms. A contaminant need not be directly toxic 
to affect community structure. If, for example. d 

change occurs in the salinity or dissollved oxygen 
content of an aquatic system, the new environmental 
conditions may eliminate some species and favor 
others, creating an entirely new species mix and food 
web. For example, salinity changes in Lake Michigan 
are  changmg the species composition of the primary 
producer component of the lake community from one 
dominated by green algae and diatoms to o n e  
composed principally of blue-green algae. Because 
many fish species currently in the lake are unable to 
feed on the blue-green algae, this species change 
portends significant shifts in other segments of the 
lake community. 

Contaminants may cause or induce changes in the 
composition and structure of a biotic community as a 
secondary effect of the changes in the  size of 
lparticular populations. These species may be a major 
source of food or shelter for the rest of the community, 
such as the large marine plants that give their name 
to California's kelp forests. Others may be crucial in 
maintaining a lbalance of species in a habitat. If. for 
example, a key predatory species is  reduced or 
eliminated, the relative abundance of prey species 
may change significantly. In studies where predatory 
starfish were removed from a n  intertidal community, 
the number of species of prey animals (barnacles and 
shelifish) dropped from fifteen to eight. The starfish 
was preventing some species from outcompeting 
others because it preyed on whatever species w a s  
most abundant. In agricultural insect pest control, 
the phenomena of pest resurgence and secondary pest 
outbreaks are  well known. When an insecticide kills 
off predatory insects along with the target pest, the 
pest population sometimes rebounds to much higher 
numbers than before because few predators remain to 
keep it in check. Destruction of the predators may 
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also allow populations of other plant-feeding insects 
to increase beyond the i imits imposed by the  
lpredators, tlhus creating new pest probhems. 

3.3.3 

As contaminants modify the species composition and 
relative abundance of populations in a community, 
the often complex patterns of matter and energy flow 
within the ecosystem may also change. If certain key 
species are reduced or eliminated, this may interrupt 
the flow of energy and nutrients to other species not 
directly experiencing a toxic effect. If plant llife is 
adversely affected by a contaminant, the ecosystem 
as a whole may capture less solar energy and thus 
support less animal life. If microbial or invertebrate 
populations are  disrupted, decomposition of dead 
plants and animals may not occur rapidly enough to 
supply sufficient mineral nutrients to sustain the 
plant community 

Changes in Ecosystem Structure and 
Function 

3.4 Factors Influencing the Ecoiogical 
Effects of Contaminants 

A contaminant entering the environment will cause 
adverse effects if: 

- It  exis ts  in a form and  concentrat ion 
s a i c i e n t  to cause harm, 

- I t  comes in contact with organisms or 
environmental media with which it can 
interact. and 

- T h e  i n t e r a c t i o n  t h a t  talkes p l a c e  i s  
detrimental to tife functions. 

Adverse effects may also occur if a contaminant 
interacts with other chemicals already present such 
as to raise the overall toxicity of the contaminated 
environment. The likelihood of harm is thus  a 
combined function of chemical,  physical ,  and  
biological factors, depending both on the nature of the 
contaminant and the nature of the environment into 
which it is released. 

3.4.1 Nature of Contamination 

Classification of Chemicals 
Chemical contaminants typically found at hazardous 
waste sites are classified into groups based on the 
analytical methods used to analyze for the chemicals 
in question. The CLP User's Guider divides the 
contaminants commonly found at Superfund sites 
into two major classifications: inorganic and organic 

User's Guide :o [he Contract Laboratory Program. EPA Office of 
I[ADD] (1988) 
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compounds (substances containing the element 
carbon). 

The CLP routine inorganic analytical group 1s 

subdivided into two categories: heavy metalis 1 lead, 
mercury, etc.) and cyanide. For the metal analysis, 
the OSC or RPM will need to determine whether they 
need "totall" metal analysis (sample as collected in 

the field) or  *'dissolved'* metal analysis (sample 
filtered to remove particulate mat te r ) . \  A large 
amount of particulates in the sample matrix can 
produce large differences in the analytical results 
between the two analyses. The choice of analytical 
method also may depend on the expected route of 
exposure and the biotic species of concern at  a 
particular site. 

The routine organic analyses are subdivided i n t o  
three categories. volatiles (benzene, vinyl chloride. 
etc 1. semivolatiles (phenol, naphthalene, etc I ,  and  
pesticides IIDDT, arochlors, etc.) For compounds not 
routinely analyzed for, or  for unusual matrices, 
speciah analytical methods may be requested from the 
CLP. The OSC or RPW should consult the CLP L'ser's 
Guide regarding the availability of special services. 
Yew procedures are also being developed in response 
to special requirements a t  some sites. 

When requesting analytical services, the OSC or 
RPM should take noteofany special conditions on the 
site that may make results of routine analyses 
insufficient for assessment needs. For example. i t  
may not be ,possible to detect very low concentrations 
of certain contaminants in a sample matrix that 
c o n t a i n s  (a )  h i g h  c o n c e n t r a t i o n s  of o t h e r  
contaminants or (b) chemicals (interferents) that 
coextract with the contaminants of concern. 

Physical and Chemical Properties 
Measurement of key physicalkhemical properties of 
contaminants is useful in ecological assessment for 
two main reasons. First, these properties generally 
govern the transport and fate of chemicals in a 
particular environment. Second, for chemicals about 
which little is known, these characteristics can heip 
the analyst identify chemical1 analogues among other 
commonly observed compounds that may serve as 
initial predictors of the novel compound's transport 
and fate. 

The Superfund Exposure Assessment Manual f EPA, 
19881, or SEAM, provides  a comprehens ive  
discussion of the environmental fate of contaminants 
by medium. Chapter 3 of the SEAM, "Contaminant 
Fate Analysis," includes both screening criteria and 
quantitative methods. Intermedia transfers and 
transformation are included in sections covering 

S"Fiiterea" IS opxationally defined as mat which passes mroupn a 
0.45 prn filter. - 
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atmospheric, surface-watix, and ground-water fate. 
as well as biotic exposure pathways. In addition, the 
Ecological Information Resources Drrectorv (EPA, 
1989) wil l  contain updated references for some 
parameters, such as bioconcentration factors. 

Frequency of Release 

The ecological effects of a single or occasional release 
are  likely to be considerably different from those 
associated with a continuous release. Frequent 
release of a nonpersistent compound may have a 
long-term effect equivalent to a single release of a 
very persistent chemical. Occasional release may 
temporarily depress an invertebrate population, but 
continuous release may trigger drastic shifts in the 
species composition of an  ecosystem. These effects 
should be carefully considered when performing 
quantitative exposure analyses as described in the 
SEAM. 

Toxic chemicals may enter the environment, or move 
among compartments of the environment, on several 
possible time scales. For example. toxic discharges 
from a Superfund site to a waterway may occur: 

- Only once (e.g., from a n  accidental spill), 

- Intermittently (e.g., from storms causing 
nonpoint-source runoff of contaminated 
soils), 

- Seasonally (e.g., from snowmelt  in the  
spring), 

- Regularly (e.g., from daily activities a t  the 
site), or 

- Continuously (e .g . ,  from ground-water  
discharge to the waterway). 

Some or all of these types of release may happen at a 
particular site, and each t-ype of release may cause a 
different concentration and mass to e n t e r  the  
waterway . 

Different species of plants and animals may have 
different abilities to withstand or resist intermittent 
or continuous releases of toxic chemicals, so it is 
important to characterize the sources in terms of the 
kind of release that is occurring. For example, adults 
of a species may withstand a short-term discharge 
that kills all the juveniles, but be severely affected by 
a regular or continuous release. If such a differential 
effect were suspected, knowing the nature of the 
discharge might lead to monitoring strategies tihat 
emphasize one life stage or the other. Similarly, 
chronic discharges that allow bioaccumulation of 
certain toxicants may cause more lasting damage to 

certain species than to others. Such releases might be 
especially harmful to relatively immobille species 

Toxicrty 
Exogenous chemicals in an ecosystem can greatly 
increase the mortality rate of component populations, 
or can change the organisms' ability to survive and 
reproduce in less direct ways, such as: 

- Altering developmental rates,  metaboiic 
processes, phy si0 logic function, or be ha v 1 or  
patterns; 

- Increas ing  suscept ib i l i ty  to d i s e a s e .  
parasitism, or predation. 

- Disrupting reproductive functions: and 

- Causing mutations or otherwise reducing :he 
viability of offspring. 

In assessing toxicity, the analyst is concerned about 
two aspects. The hazard posed by a contaminant is 
the effect (or endpoint) .  such as those mentioned 
above, that the chemical lor mixture of chemicais, 
can cause in the organism. The d o s e - r e s p o n s e  
relationship describes the amount of chemical1 
necessary to produce the observed effect. A broad 
array of toxicity tests are available for evaluating the 
effects of contaminants and their  dose-response 
relationships.  These a r e  summar ized  in t h e  
companion volume to this manual and related 
references .6 

The toxicity of a substance is generally described by 
the duration of exposure or the reactions it elicits. 

- Acute toxicity causes death or  extreme 
physiological d i sorders  to  o r g a n i s m s  
immediately or shortly following exposure to 
the contaminant. 

- Chronic toxicity involves long-term effects of 
small doses of a contaminant and their  
cumulative effects over time. These effects 
may lead to dea th  of t h e  organism or  
disrupt ion of such  v i ta l  func t ions  a s  
reproduction. 

Acute or chronic exposure can have le thal  o r  
sublethal effects. 

- Lethal doses cause death directly through 
disruption of key physiological function. 
Population levels a r e  affected by t h e  

6 Ecologrcal Assessments of  Hazardous Wasre Slres 1 
Reference Document (EPA/600/3-89/013) €PA Off ice 0' 
Research and Development. 1989. 
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contaminant if the overail mortality rate is 
increased. 

Sublethal : )~:c:.ty entdils j mptoms other 
than dedtn ,r  =-+\ere  disurder. but may have 
llong-term + j l L c t j  o n  J population. For  
example. 3 o m e  toxicants a t  low concen- 
trations cause d change in the behavior of 
migratory ti3h. ,nterrupting their natura! 
habit retsrni7.y -0 freshwater streams to 
spawn 

IEval'uating the toxicity of a particular substance 
requires careful specification of the endpoints of 
concern, which entails describing: 

- The organism tested or observed, 

- The nature ofthe effect, 

- The concentration or dose needed to produce 
the effect. 

- The duration of exposure needed to produce 
the effect, and 

- The environmentah conditions under which 
the effects were observed. 

Ecologists will often use professionai judgment to 
select a particular organism as an "indicator species," 
that is, a species thought to be representative of the 
well-being and reproductive success of other species 
in a particular habitat. The indicator species may 
also be chosen because it is known to be particularly 
sensit ive to  pollutants or other  environmental  
changes. In addition, ecologists will often study some 
life stage of interest in the indicator species, such as: 

physiological1 or behavioral response i n  

specified time period (often 96 hours, 

No Observed Effects Level ( N O E L )  or No 
O b s e r v e d  A d v e r s e  E f f e c t s  L e v e l  
(SOAELi - these measures. which are  n o t  
time-dependent. describe :he threshold beiow 
which predefined effects dre no t  obser\.ed 
W h e n  t h i s  t h r e s h o i d  has  n o t  b e e n  
determined. the Lowest Observed Effects 
Leve l  ( L O E L t  or  L o w e s t  O b s e r v e d  
Adverse Effects Level I LO.AEL) dexr lbe  
the lowest recorded dosage at which effects 
were observed 

- 

3.4.2 PhysicaKhemical Characteristics of the 

X wide variety of environmental  variables can 
influence both the nature and exrent of effects of  J 

contaminant o n  !iving systems These factors - 
interacting with each other. with contaminants. and 
with organisms - can affect the outcome o f  a 
contamination by. 

Environment 

- Chemically changing the contaminant to  
make it more or lless toxic, 

- Making the  con taminan t  more or less 
available in the environment, or 

- Making the organisms more or less tolerant 
of the chemical. 

Among the many factors that can affect the outcome 
of c o n t a m i n a t i o n  i n  t h e  e n v i r o n m e n t  a r e  
temperature, pH, salinity, water hardness, and soil 
composition. 

Reproductive success as measured by the 
survival of gametes, larvae, or embryos; T e m p e r a t u r e  affects the chemical act ivi ty  of 

contaminants and biological activities of organisms 
Survival ofjuveniles or molts; in the environment. Low temperatures  may be 

advantageous in certain contamination episodes, 
Longevity of adults; or since both chemical and biological activity may be 

low. For example, low winter temperatures  can 
Incidence of disease, including physiological r e d u c e  t h e  tox ic i ty  of m i n i n g  e f f l u e n t  t o  
and behavioral abnormalities. macroinvertebrates found in streams But the same 

low temperatures  can be detr imental  in o the r  
In studies of toxicity, certain measures are commonly 
used: 

- LD50 or LC50 - the administered dose or 
environmental concentration at which 50 
percent of the experimental organisms die in 
a specified period of exposure time (often 96 
hours). 

- ED50 or EC50 - the dose or concentration a t  
which 50 percent  of t he  expe r imen ta l  
organisms e x h i b i t  a c e r t a i n  nonlethal  

circumstances. In a study of susceptibility of seabirds 
to oil contamination, researchers found tha t  a n  
amount of oil on the feathers too low to cause death 
under normal environmental conditions was much 
more stressful at colder temperatures. 

The pH of the environmental medium may affect a 
contaminant's chemical form, solubility, and toxicity 
This is especially true in the case of toxic metals. -4 
one-unit decrease in pH can cause a more than  
twofold increase in lead concentrations in the blood of 
exposed rainbow trout. S tGies  have al'so shown that. 

1 
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in general, as environmental pH decreases, the 
toxicity of contaminan>ts tends to increase. 

Salinity, the amour,: of dissolved salts in a volume of 
water, is an environmentall variable to which many 
marine and estuarine species are very sensitive. 
Some contaminants  reduce these organisms '  
tolerance of normal changes in salinity, decreasing 
tlheir ability to adjust to salinity fluctuations. For 
i n s t a n c e ,  one s p e c i e s  o f  y e a r l i n g  s a l m o n  
demonstrated reduced tolerance of increases in 
salinity after long-term exposure to copper. 

Hardness,  the amount of calcium, magnesium, and 
ferric carbonate in fresh water, can affect the toxicity 
of inorganic contaminants. Several Federal and State 
water quality criteria and standards are dependent 
on specific hardness ranges. 

Soil composition can greatly affect the nature and 
extent of movement and toxicity of Contaminants. 
Soils with a high clay-humus colloid content can 
absorb high levels of cer ta in  ions and neutral  
organics. The organic content of some wetland soils 
can bind large amounts of heavy metals, rendering 
them unavailable to the biota. Some water-insoluble 
pesticides are known to adsorb to soil particles that 
can then transport the chemical to surface water 
when erosion occurs. Light, sandy soils readily 
permit percolation of chemicals to ground water, 
which may in turn contaminate surface waters. 

3.4.3 Biological Factors 

Susceptibility of Species 
Species differ in the ways t h a t  they t a k e  in,  
accumulate, metabolize, d i s t r ibu te ,  and  expel 
contaminants. Taken together, these traits result in 
marked differences among species in their sensitivity 
to contamination. For example, over 400 species of 
insects and mites have developed resistance to 
pesticides used to control them, while hundreds of 
other species exposed to the same chemicalls remain 
susceptible. 

ICsually, the major consideration as to how species 
will react to a potential toxicant is  t h e  dose. 
Generally speaking, the higher the dose, the greater 
is the likelihood that biological effects will occur. 
However, response to a particular dose may also 
depend on the duration of exposure. Some organisms 
can take in higher doses of a toxic material  if 
exposure is spread out over time in smaller doses. For 
example, in one experiment, hens were fed lleptophos 
(an organophosphate insecticide) in a singbe high 
dose or a series of lower doses. At the lower but 
multiple doses, the hens developed ataxia (paralysis 
of the legs) later than with the single high dose, but 
the total dosage over time was greater in the multiple 

feeding than  the single amount  tha t  caused 
immediate ataxia. 

Susceptibility of an  organism varies with the 
mechanism through which contaminants are taken 
up from the environment. A given environmental 
concentration may result in different actual dosages 
for different species. For instance, some fish not only 
take in certain chemicals through their gills as they 
breathe, but can also absorb the chemicals through 
their skin. Species also differ in the way in which 
their bodies metabolize, accumulate, and/or store 
contaminants. For example, a n  organism t h a t  
commonly holds energy in reserve in the form of body 
f a t  may exper ience  l i t t l e  e f fec t  f rom t h e  
accumulation of fat-soluble chlorinated hydrocarbons 
such as DDT. However, in a time of scarce food 
supplies, the animal might then metabolize large 
amounts of fat, receiving a high dose of chemical as i t  
does so. 

In general, the susceptibility of a species to a 
particular contaminant will depend primarily on 

The rapidity with which the contaminant is 
absorbed from the environmen,t, 

The resultant dosage actually incurred at the 
physiological site where toxic effects occur 
within the organism (the "site of action"), 

The sensitivi,ty of the site of action to the 
dosage incurred, 

The relationship between the site of action 
and the expression of symptoms of toxic 
injury, and 

The rapidity of repair or accommodation to 
the toxic injury. 

Characteristics Governing Population Abundance 
and Distribution 
For a given set of environmental conditions, species 
have characteristic attributes such as birth rates, age 
and sex distributions, migration patterns,  and 
mortality rates. The species' habitat preferences, food 
preferences, and other behavioral characteristics 
(e.g., nesting, foraging, rearing young) also may 
determine population size and distribution in an  
area, and may also significantly affect the potential 
for exposure. 

Differences in responses to contamination due to such 
characteristics may be manifest immediately. For 
instance, a species with a high proportion of juveniles 
in its age distribution might suffer a more precipitous 
decline after a release than another species that has a 
higher proportion of adults, simply because adults of 



a species can often sustain higher doses of a toxicant 
before succumbing than can juveniles. 

Alternatively, the effects of species a t t r ibu tes  
governing population abundance and distribution 
may become apparent only when the s t ress  is 
removed from the environment. Some species are  
very successful a t  colonizing new habitats. They 
typically have high rates of reproduction and short 
generation times, and are able to disperse widely in 
search of suitable habitat. For example, annual  
weeds, eften the first plants to occupy disturbed 
environments, usually produce large numbers of 
seeds that are  easily dispersed by wind or other 
means. In well established, more stable habitats, 
such "pioneer" species are  often poor competitors 
against other species for limited resources. The 
species thriving in stable environments use the 
resources efficiently in the areas where they become 
established, and typically have low reproductive 
rates, long generation times, and often, longer life 
spans. They also tend to be better competitors in the 
territories they occupy. These are the species that are 
more likely to recolonize a disturbed habitat only 
after some considerable delay. 

Species often combine characteristics of both of these 
idealized types. They may exhibit high reproductive 
rates and dispersal capability, along with other traits 
that allow them - under the right conditions - to 
outcompete later invaders. For example, in the 
southern United States, the imported fire a n t  has 
become a serious nuisance due in part to its ability to 
recolonize areas where insecticides were applied to 
control it. If the chemicals kill off other ant species, 
the tire ant is better able than its competitors to 
immigrate quickly and become entrenched in the 
newly opened habitat. 

Temporal Variability in Communities 
The effects of a contaminant discharge in to  a 
particular habitat may vary with seasonal or longer 
cycles governing community structure and function. 
Effects may be apparent immediately at one point of 
the cycle (e.g., in spring), whereas at another point 
the effects would be delayed. Contaminants may also 
elicit different effects a t  different s t a g e s  of a 
community's development. 

Seasonal changes entail  relativelly predictable, 
ordered changes associated with organisms' life 
histories, and are driven principally by cyclical 
changes in weather and other physical influences. 
Examples include: 

- The spring blooms of plankton in estuaries 
and lakes, 

- The change throughout tlhe summer in the 
relative abundance of species of s t ream 
insects, 

- The appearance of successive species of 
annual plants from spring to fall, and 

The concentration and dispersal of various 
animal species for breeding, nesting, and 
foraging . 

- 

When conducting an  ecological assessment a t  a 
Superfund site, the analyst must consider these kinds 
of temporall variations when de termining  the 
probability of exposure. Depending on the time of 
year or the point in some longer cycle, a potentially 
exposed species may or may not be present or in a 
vulnerable life stage a t  the t ime of a chemical 
re lease. 

Successional time scales are less regular and hence 
less predictable. Biological interactions or physical 
changes mediated by biological activity are usually 
important in the evolution of communities. The 
classic example of succession is the gradual change of 
a meadow to a forest. This series of events is 
measured in  scores of y e a r s  i n  u n d i s t u r b e d  
environments, and is not likely to be important in 
assessment of Superfund sites. Other successional 
change may be brought about by natural disturbance 
or human intervention and occur more rapidly For 
example, intensive herbicide use in agricultural  
production sometimes results in preferential survival 
of weed species that are naturally tolerant to the 
chemicals used on the site. As the herbicides continue 
to kill off sensitive species, the herbicide-tollerant 
weeds come to dominate  t h e  non-crop p l a n t  
community, and may in turn  determine which 
species of insects, small mammals, and birds inhabit 
the area. 

Movement of Chemicals in Food Chains 

Food-chain transfer of contaminants represents a 
potential exposure route that should be addressed in 
assessing the ecological effects of a site. The processes 
involved in accumulation and transfer of chemicals 
v ia  food webs a r e  complex. Nonetheless .  a n  
understanding of a few basic aspects may be helpful 
in evaluating the importance of this phenomenon at a 
given site: 
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- Elevated concentrations of contaminants in 
organ isms compared to e n  v iron men t a1 
concentrations may not always signal food- 
c h a i n  t r a n s f e r .  A n i m a l s  a n d  p l a n t s  
canaccuinulate chemicals directly from the 
medium in  which t h e y  l i v e  Bioac- 
cumulation' of chemicals in this manner is 
especially important for aquatic organisms 
and for terrestrial plants and animals (e.g., 
earthworms) in direct contact with soils. 
Elevated levels of a chemical found in most 
f resh-water  fish and  aquat ic  and  soil  
invertebrates occur by direct concentration of 
the contaminant from the water.  soi l ,  or 
sediment rather than through the food chain. 

Certain species are more likely to be exposed 
due to food-chain transfer of bioaccumulating 
chemicals than others. Predators and other 
species near the tops of food chains are among 
the most vulnerable. Long-lived. fattier. and 
llarger species have a greater opportunity to 
accumulate compounds in their  t issues 
Species tha t  a r e  more sensi t ive to the  
chemicals than the animals on which they 
a re  preying may be a t  particular risk of 
exposure (e.g., osprey feeding on contam- 
inated fish). 

- 

- Certain chemicals a r e  more likely to be 
transferred v i a  food webs t h a n  o thers .  
Organochlorines and other persistent organ ic 
compounds (ei ther  parent  mater ia l s  or  
metabolites resistant to further degradation) 
are more likely to be transferred than are 
non-chlorinated hydrocarbons and metals. 
Organic compounds with higher molecular 
weights are  more likely to be transferred 
than those with Ilower moliecular weights 
Compounds with high Log Ps values a r e  
most likely to be accumulated 

- IPlants may take up chemicals with low Log P 
values by way of their roots, but cannot 
transport significant amounts of compounds 
with high molecular weights and high Log P 
values in the same manner. However, folidge 
can become contaminated from soill or water 
by sorption of volatilized chemical on tlhe 
leaves or by deposits of dust, aerosols, and 
vapors. 

- Longer food chains increase the :]me zeeaea 
to reach equilibrium levels of contaml?.,tT.ts 
in the predators at :he top of the  c h a m  T h  
maximum vaiue of bioaccumulatlon ir, t h e  
top species is also lower in longer iood cna:n.; 
but there is a greater certainty that d tm;c 
chemical wil l  have time to exert its effects I J ~  

the population Table 3 1 illustrate5 :nis for 
DDT applied to forest foliage The table di7o 

shows the shift from DDT at the low qnd ~ t '  
the food chain to the more stable ,\ria :OY!C 

metabolite. DDE. at the hign er.d 

- Bioaccumulation may be less than predicted 
for a variety of reasons 
organisms may avoid the chemical or  3re'; 
that have consumed it, or exposure t!me may  
be insufficient to achieve equilibrium :n 
living tissues Furthermore. not d l l  :'ot,d 
chain transfers lead to biornagnification 
Field monitoring should be used u here\  er  
possible  to  d e t e r m i n e  a c t u a l  t i s s u e  
concentrations. 

For e x a m p l e  

- For terrestrial species, bioconcentration 
factors (BCFsIto of as little ds 0 03 can be 
significant if the residue is toxic For aquatic 
species, BCFs greater than 300 are generally 
considered significant. 

Table 3.1. Forest ]Food Chain for DDT 

Years :o 
Receptor Chemical1 Maxlnun C > r c  

Foliage DDT 0 

Forest htter DDT DDE 1 

Litter invertebrates DDT,DDE 2 

Ground-feeding birds DDE 4 5  

Canopy-feeding birds DDE 5-7 

Bsd-safing hawks DDE 7-10 
ana owls 

Source James W Gillen Cornet1 University 

The Orocess that results In increased concentrations of  9 Higner concentration m tne consumer than In tne contar l ra ie~ 
cOnfaminantS in organisms with increasing tropnic levels In me fma source 

I O  The BCF IS me ratio gf the concentration of a contar--ram I: ' le  cham 

8 The logarithm of the octanol-water coefficient (KO,) Predictor of organism to the concentration In Ihe trnrneaiate environinerir I jc l i  
bioaccurnulation in me oils of hsh and the fat of animals water, ana sediments). 

27 



I 
I 

"Every site is unique." 

Chapter 4 

The Role of Technical Specialists in Ecological Assessment 

This is probably the most common generalization on 
which ecologists who have worked on hazardous 
waste sites will agree. It is also onby partly true 

What makes every site unique is i t s  particular 
combination of characteristics - the contaminants of 
concern, the topography of the site, the presence or 
absence of surface water,  tihe vegetation, other 
species present, soil types, proximity to other import- 
ant  habitats, etc. Taken together,  these factors 
present a n  almost inf ini te  a r r a y  of potent ia l  
ecological risk scenarios - the populations at risk, the 
nature of the contaminants, their toxicity to different 
species, routes and probabilities of exposure, en- 
vironmental factors contributing to or inhibiting 
toxicity, short- and long-term shifts in the structure 
of Ibiotic communities, and the effects of remediation 
on the habitats a t  or near the site. 

Nonetheless, ecologists a re  able to find common 
elements in their study of populations, communities, 
and1 ecosystems, some of which were discussed in 
Chapter 3. These common elements form the basis for 
designing a strategy for characterizing any indi- 
vidual site and defining its specific properties. Thus, 
although every s i te  is unique, the methods for 
assessing each site are not. Deciding which factors 
are important, and which methods to use to assess 
those factors, is a complex task requiring the ex- 
pertise of ecologists wh-, a r e  familiar with the 
organisms, ecological processes, and environmentall 
parameters that characterize a site. This chapter 
outlines how such specialists can help !the RPM or 
OSC specify, obtain,  and evaluate information 
needed to assess ecological effects a t  Superfund sites. 

This guidance manual presumes that the RPM or  
OSC will obtain the assistance of ecoloasts and other 
environmental specialists. In some Regions, informal 
or formally constituted technical assistance groups 
already exist. In  other  Regions, advice may be 
obtained from various sources, including: 

- EPA Regional Envi ronmenta l  Services 
Divisions; 

The EP.4 Environmental Respowe T c a n .  

EP.\ Regonal YEPA coordinators. 

Ecosystem-specific EP.4 programs. ycL.-L - .  
the Great Lakes National Prograrr ()r::cc: :r. 
Chicago, or the Chesapeake R d y  PrTB<Tcl:-: 
Office in Annapolis, Maryland. 

.- 

Laboratories of EPA's Ofice of Researcn -: !-c 
Development: and 

Regional and field offices of the U S Fish alii: 
Wildlife Service. the Xational 0cez.nic d n c  
Atmospheric Administration I espec:dilj 
SOAAs Coastai Resource Coordinators]. dnd 
other Federal and State environmental dr.d 
resource-management agencies 

Generally, technical specialists serve dn advisnry 
role. Their function is to assist the RPM or OSC w i t h  
information collection and evaluation. and to help 
ensure that ecological effects are properly considerea 
in investigations and decisions. In specific cases, i t  
may be possible to make drrangements (such as 
interagency agreements in the case of non-EPA staiT1 
for them to be involved directly in conducting the 
work. 

In the following sections, we describe how ecological 
specialists can contribute to the RUFS and Removdi 
processes. We have divided the discussion into r ? ~ e  
major aspects: 

- Site characterization, 

- S i t e  s c r e e n i n g  a n d  i d e n t i f i c a t i o n  ~i 
information gaps, 

- Work plan development, 

- Data review and interpretation, and 

- Enforcement. 

These divisions a r e  made for convenience of 
discussion only Not all sites wi l l  require aii 51,e 
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parallel rather than sequentially 

4.7 Site Characterization 
RF'bIs dtnd O X =  Are encouraged to consQlt 
ec:,lcg:its as eariy as possible to obtain their 
:.-n.:duct;ny A n  effecc:ve ecological assessment. 

- Identify issues that should be addressed in  
the ecological assessmentt to follow, and 1 

with 
help in 

This 

a .:ite management strategy. 

The locations of streams or  other sudface 
waters on o r  near the site; 

- Develop data-collection strategies 

planning for a Remedial Investigation. 

Site location. The technical specialists should 
provided with maps and descriptions of the 
indicating, where possible: 

Topographical maps published by the L' S Ceologica!; 
Survey should be provided. For areas that are  
predominant 1 y private 1 y owned, floodp 13. i n  5 .ire 
delineated on the Flood Insurance Rate Slaps and 9~ 
Flood Hazard Boundary Maps published by the 
Federal Emergency Management Agency For drwz 
that are  predominantly owned by  States or - i -P  

Federal government, the controlling agent) c a r  
usually provide floodplain information 

be 
si te,  

Documentation of the fact that a site exists in o r  nedr 
wetlands is dn important first step in the eco loy ic~ i  
dssessment Several soi1rce.i of information  re 
available to RPSIs and OSC; to  determine i f  d 
contaminated area is in or near a wetland Map3 
wetlar.ds are available from a variety of iource;. 
including the U S. Fish and Wildlife Service, iocal 
and State planning agencies, and the Section 404 
staffs in the E P X  Regions. The Sational LVet!and; 
Inventory maps (SUiIl develloped by the Fish ana  
Wildlife Service, or other more specific information 
at  the State levell should be consulted as earl? d- 
possible If more exact llocations andfor boundaries 
dre required, the Federal Manual for Identifying ~ l n d  
Delineating Jurisdictional Wetlands (March 1989 i 
should be consulted. This manual was developed t o  
identify jurisdictional wetlands subject to Section 404 
of the Clean Water Act and the "Swampbusters" 
provision in the Food Securities Act, as well as to 
identify vegetated wetlands for the SWI. 

projected uses; and 

Locations of contaminant sources a t  or 
the site. 

T h e  OSC or R P M  should  contac t  the  S t a t e  
Geographical Information System, Information 
Management Office, and Land Management Offices 
for additional maps of environmental resources 
Aerial and satellite photographs that include the site 
and its surroundings should also be sought out and 
provided to the specialists if appropriate. 

near 

Site history and contaminants of concern. The 
initial site description should include a history of the 
site drawn from existing sources. Topics that should 
be addressed include available information on 
chemical-handling activities, storage llocations, and 
known or potential contaminants. If a health effects 
assessment has already been performed on the site. 
standard information on contaminants - chemical 
composition, amounts, and locations - will also be 
useful for ecological assessment. Where available, 
the descriptions of chemicals should also include in- 
formation on: 

Decomposition rates and products, 

Bioaccumulation potential, 

Known toxic effects, and 

Fate and transport. 
- 



Environmental setting. The initial site description 
should include any available information on geology, 
hydrogeology, and ecological1 habitats a t  or adjacent 
to the site. Geological information may be obtainable 
from existing publications of the U.S. Geological 
Survey or similar sources. Precipitation records for 
nearby weather stations (often located at  the nearest 
airport) can be obtained from the Sational Weather 
Service. Previous environmental analyses may be 
available for some sites, which could help identify 
important habitats or species for the assessment to 
consider. These might include, for example, a n  
Environmental Impact Statement  for a nearby 
facility (e .g . ,  Ihighway, power p l a n t ) ,  a S t a t e  
Remedial Action Plan for a designated Area of 
Concern, or  a Nat ional  Pol lu tan t  Discharge  
Elimination System permit for wastewater discharge 
into a nearby waterway. 

Obtaining information about  local ecological 
resources may require consultations with local 
experts on the subject, incl'uding State pollution- 
control officials. S ta te  or Federal fisheries and 
wildlife-management specialists, State or Federa! 
foresters, agricultural  extension agents  or Soil 
Conservation Service officials, and others familiar 
with the terrain and1 biology of the region. These 
individuals may also provide important details re- 
garding past, present, and likely future uses of land 
and water resources in the area. The RPM or OSC 
may want to consult the technical assistance group or 
individual specialists for help in identifying people to 
contact for this information. These contacts may also 
provide assistance in identifying potential ARARs for 
the site. 

Using this information, the technical specialists 
should )be able to begin identifying the habi ta ts  
potentially affected by contaminants at the site. Key 
to this activity will be a preliminary definition of the 
likely pathways for exposure to the contaminants. 
Once these habitats are identified, the relevant Fed- 
eral and State natural resource trustees should be 
notified and invited to participate in planning the 
ecological assessment, if they are not already serving 
as technical specialists. 

If possible, one or more technical specialists shoulld 
accompany the RPM or OSC to the site for an initial 
field reconnaissance. This visit can help clarify for 
the assistance group the kinds and amounts of data 
that may be needed to characterize the site and its 
contaminants, keeping in mind t h a t  seasonal  
changes may a l t e r  the na ture  and quantity of 
releases or affected organisms. 

4.2 Site Screening and Identification of 
Information Gaps 

Following collection of existing data, the technical 
assistance group should be in a position to determine 
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the nature and extent of ecological assessment that 
will be necessary for the site. If no ecological exposure 
pathways have been revealed in this initial review. 
little or no additional work may be needed. Xlter- 
nativelly, certain exposure pathways might be 
eliminated from further study while others might 
require more data. For instance, if there is no surface 
w a t e r  on  t h e  s i t e  a n d  no  o p p o r t u n i t y  for 
contaminants to reach surface waters off the site. 
further data on aquatic effects would very likely be 
pointless, even though concern about exposure to  
terrestrial  organisms might warrant extensive 
sampling and testing. 

Examination of preliminary data could point u p  
important gaps in the information concerning 
characterization of the site Site visits, aerial1 or  
satellite photographs, or information from local 
experts may reveal habitats subject to exposure that 
were not part of the original data-gathering effort 
For instance, careful examination of the site might 
result in the discovery of a previously unreported 
stream running through the property that could raise 
questions about contaminants reaching an  off-site 
wetland. 

Review of the data from initial studies may also 
indicate tha t  potential  exposure pathways or 
receptors were ei ther  overlooked or previously 
unknown to the site investigators. For examplle. 
evidence might be found that small mammals are 
burrowing and foraging near storage facilities This 
information would probably raise concern about 
direct exposure of these animals to contamination. 
Depending on the persistence and bioaccurnulation 
potential of the contaminants, the observation of 
these mammals might also suggest additional risk to 
predatory birds and mammals both on and off the site 
through the food chain. These concerns might then 
lead to a new study plan to trap some of the mammals 
and test their tissues for contaminants. 

The technical specialists might also conclude from 
information developed during the early stages that 
the contaminants identifled a t  the site are causing 
unexpected toxic effects. For instance, biotic surveys 
might show an  absence of certain fish species that 
occur in otherwise similar, but uncontaminated, 
streams. if there is reason to suspect that the absence 
of these fish may be caused by toxic effects, field or 
laboratory toxicity tests might be appropriate to 
de te rmine  the  toxicologicall po ten t ia l  of t h e  
contaminants. 

4.3 Advice on Work Plans 
Where applicable, ecological assessment is a n  
integral part of the RI/FS Work IPlan. Technicall 
specialists should be consulted as early as possible in 
the development of the Work Plan and the Sampling 
and Analysis Plan, to ensure that the plans for eco- 
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answering the necessary quest ions about  
ecological effects of the contaminants a t  a site. 

t h e  

Determination of the extent or likelihoo'd of 
impact, 

Interim mitigation strategies and tactics, 

Development of remedies, or 

Remediation criteria. 

technical objectives. 

tion; and 

- Site-specific toxicity assessments  to 
conducted. 

be 

media  on ind ica tor  spec ies ,  o r  on  a 
representative sample of species, such a s  
water fleas (Daphnia or  Ceriodaphnia),  
amphipods, chironomid midge larvae, tubifi- 
ciid worms, mysid shrimp, and fathead 
minnows. 

needed will most likely include: 

Where specialists have reason to believe t h a t  
contaminants may move from one type of habitat to 
another, such as chemicals washing into a stream in 
runoff water, data from each potentially exposed 
habitat will  be needed. The Superfund Exposure 
Assessmen t  Manual contains  much va luable  
information on predicting movement of contaminants 
from one medium to another. 

in or on the bottom; 

The technical special is ts  should also provide 
guidance on such quality assurance and quality 
control (QAJQC) issues as: 

- Sediment composition and quality, 
sizes, and total organic carbon; and 

The area to be covered in biotic and chemical 
sampling programs, 

grain 

The number and distribution of samples and 
replicates to be drawn from each habitat, 

The preferred biological analysis techniques 
to be used, 

Adherence to the assumptions of predictive 
models used in the analysis, 

The physical and chemical measurements 
(e.g., dissolved oxygen in a water sample, pH 
of water or soil, ambient temperature) to be 
taken at the time of the survey, and 

Any special handling, preservation methods, 
or other precautions to be applied to the  
samples. 

Technica l  s p e c i a l i s t s  m a y  m a k e  spec i f ic  
recommendations on sampling and  analyt ical  
methods, or  they may review plans a n d  offer 
comments or suggestions for improvement of the 
assessment methodology. Ideally, the sampling and 
assessment process should be a phased approach, 
where preliminary results are reviewed by technical 
specialists, who may find reason to suggest changes 
in the scope of the project or in the methods used 
during subsequent stages of the study. 

4.4 Data Rewiew and Interpretation 
The technical assistance group should also be called 
upon to review data and provide comments on the 
interpretation of data. In most situations, extensive 
and long-term ecological studies are unlikely to be 
undertaken, and informed professional judgment will 
be required to determine if the weight of evidence 
supports a particular decisien regarding the site. 
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Specialists should bgclosely involved in reviewing 
interim and draft assessments as these documents 
are  completed. The appropriate specialists should be 
consuited to ensure that the assessments: 

- Address  a l l  i m p o r t a n t  h a b i t a t s  a n d  
contaminants of concern, 

- Identify all significant receptor populations, 

- Portray all relevant routes of exposure, 

- Charac ter ize  all1 s ignif icant  ecological1 
threats, and 

- Describe uncertainties in the assessment 
process. 

The specialists may also provide advice on lhow to 
present the results to decision makers who are not 
trained in environmental science. 

4.5 Advice on Remedial Alternatives 
Remediation measures can also pose environmental 
threats. 

For instance, channeling a stream may deprive a 
wetland of its primary water source. earthmoving 
and construction operations may increase siltation of 
nearby streams due to increased soil runoff In such 
situations. compliance with appropriate l a w s  and 
regulations may require that the remediation pllan 
include provisions for minimizing environmental 
damage. Ecologists should therefore be invollved as 
early as possible in the selection and review of 
remedial allternatives so that ecological as well as 
public heal th  concerns a r e  addressed in t h e  
Feasibility Study 

Technical specialists should also be invo lved  in 
designing monitoring programs to evaluate the 
success of a removal or remedial project Biologicall 
monitoring plans should be developed to evaiuate the 
effects of remedial1 actions on llocal popuiations of 
various forms of wildlife. In addition, toxicity tests 
can be used as sensitive indicators of the presence or 
absence of contaminants following remediation Such 
tests may be useful in definingcleanup levels 

4.6 Enforcement Considerations 
If ecological effects of contaminants are a factor in en- 
forcement actions, technical specialists may be a 
valuable resource both in crafting the decision 
documents and in providing support for the decision 
Proposed decisions that  incorporate ecological 
criteria for cleanup OF remedial action should be re- 
viewed by appropriate ecological experts to ensure 
that the criteria (1) are accurately described and (2)  
can be effectively implemented. Technical specialists 
may serve  a s  e x p e r t  wi tnesses  in  c o u r t  o r  
administrative hearings in support of enforcement 
actions. Finally, as discussed above, ecologists may 
be consulted on the design and implementation of 
monitoring programs to help ensure that remedial 
actions achieve their objectives. 
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Chapter 5 
Planning an Ecological Assessment 

Because ecological assessments will1 vary widely from 
site to site, no standard design is appropriate. The 
scope, level of detail, and design of the assessment 
should be determined in close consultation with 
ecologists who understand both the technical issues 
involved and the requirements of the Superfund 
program. Some of the factors that should enter into 
the planning stage are: 

- Establ ish the  scope of t h e  ecolo;.c, l l  
assessment (if one is judged necessar:;’ in 
terms of spatial and temporal extent. tests :o 
be conducted, time and resources needed. And 
llevel of detail required: and 

- Define s t u d y  goals  a n d  d a t a  q u a l i t y  
objectives if collection of new data is deemed 
necessary. 

The  objectives of t h e  a s s e s s m e n t ,  as 
determined by the management decisions 
required a t  the site; 

If new data are collected. it is essential that  da ta  
quality objectives reflect specific programmatic 
goals and management objectives, to ensure  that 
time and funds  spent  to gather  and  analyze data 
are used efficiently and effectively. 

T h e  p r o g r a m m a t i c  g o a l s ,  m a n d a t e d  
schedules ,  a n d  budgetary r e s t r i c t i o n s  
associated with the site‘s remediation; 

This chapter discusses the principal components of 
defining the scope and design: T h e  k i n d s ,  forms ,  a n d  q u a n t i t i e s  of 

contaminants at the site; - IDetermination of the objectives and level of 
effort appropriate  to t h e  s i t e  and  i t s  
contaminants, The means of potential or actual release of 

contaminants into the environment: 
- Evaluation of site characteristics, 

T h e  topography, hydrology, and  o t h e r  
physical and spatial features of the site; - Evaluation of the contaminants of concern, 

The habitats potentially dected by the site; - 
- Selection of assessment endpoints. 

Identification of exposure pathways, and 

The populations lpotentially exposed to 
contaminants; 

These are logically distinct activities, but they are 
not necessarily undertaken sequentially. All may be 
underway simultaneously, or one activity may await 
the outcome of d a t a  from other activities. The 
outcome of this process is the Sampling and Analysis 
Plan (SAP), which specifies the methods for data 
collection and analysis, and  the  procedures for 
quality assurance and control (QAIQC). 

T h e  expdsure pa thways  to potent ia l ly  
sensitive populations; and 

The possible or actual ecological effects of the 
contaminants or of remedial actions. 

This phase of the assessment process is concerned 
with determining what information should lbe collect- 
ed for an ecological assessment. It consists primarily 
of identifying characteristics of the contaminants and 
the potentially affected environments, to: 

5.7 Determination of Need, Objectives, 
and Level of Effort for Ecological 
Assessment 

- Determine if enough evidence exis ts  to 
warrant further investigation of ecological 
effects a t  the site; 

Defining the scope and design of an  assessment is 
initially based on available information and data 
from previous studies. Using this material, the RPM 

35 



or OSC should consult with technical specialists, kho 
can be expected to use good professional judgment to 
provide advice on how to evaluate a specfic site. Fhe 
outcome of this phase should be an assessment design 
that will ensure scientific defensibility of data and1 
decisions based on those diata, while remaining 
cognizant of the CERCLA-mandated schedules hnd 
budget constraints faced by decision makers. 1 
An ecological assessment may be conducted to: I 

.Document actual or  potential t h r e a l  of 
damage to the environment, in support of a 
proposed removal action; I 

Define the extent of contamination; 

Determine the actual or potential effects of 
contaminants on protected wildlife species, 
habitats, or special environments; 

Document ac tua l  o r  potent ia l  a d v e r s e  
ecolog.lca1 effects of contaminants, as part of a 
Remedial Investigation; 

Develop remediation criteria; and 

Evaluate the ecological effects of remedial 
alternatives, as part of a IFeasibility Study. 

A given assessment m a y  entail one or more of these 
objectives as the primary reasonb) for the study. 
Specification of assessment objectives should in turn 
allow clear definition of the ecological endpoints of 
concern, the study methods to be employed, and the 
data quality objectives for the study. 

The RPM or OSC should confer with technical 
specialists to determine appropriate levels of detail 
for ecological assessment of a site based on available 
information. This  should be undertaken as a n  
iterative process. Data from the field may w a r r a n t  
further investigation and greater detail. Conversely, 
such data may indicate that little or no additional 
work is necessary to characterize ecological effects. 
The definition phase should be used to identify the 
criteria needed to make these judgments. 

Each assessment will vary in the extent to which 
resources, exposure concentrations, effects, and other 
variables are identified and quantified. The more 
serious effects found may not relate absolutely to the 
amount of detail required in the assessment. The 
need for detailed, quantitative information will be 
driven by the dXiculty in adequately characterizing 
the parameters that comprise the assessment. For 
instance, a fish kill might be readily traced to a high 
concentration of a contaminant from a point source. 
On the other hand, considerable effort might be 
needed to evaluate the causes of unusually low 

populations of fish in a stream that contains llow 
levels of diverse and dispersed contaminants. 

5.2 Evaluation of Site Characteristics 

5.2.1 Nature and1 Extent of Contaminated Area 
In defining the scope and design for an  ecological 
assessment, it is important to determine the full1 
spa t ia l  ex ten t  of t h e  contaminat ion t h r o u g h  
sampling and measurement. The sampling plan 
should be designed with a broad enoulgh radius to 
find the "edge of the plume," the farthest extent of the 
contamination in soils or other environmental media. 

Maps and aer ia l  photographs should be used 
whenever possible to define the general habitats a t  or 
adjacent to the site. Small wetlands, intermittent 
streams, and other potentially important areas that 
might have been missed during a preliminary site 
visit may be seen from aerial photographs or maps. 
Significant off-site information may also be derived 
from good maps and photographs (e.g.. discharges 
from surrounding areas that may affect the site) 
This type of information may provide significant 
insight into the conduct of the site investigation. 
Ground verification of all habitat locations should be 
conducted before developing any sampling plans. 

At this stage, it is also important to determine which 
transport processes a re  likely to be a t  work with 
respect to each contaminant. From this information, 
analysts shoulld be able to discern likely off-site 
exposure routes and the habitats threatened or 
potentially threatened by that exposure. The RPM or 
OSC should consul t  the  Superfund Exposure 
Assessment Manuul (SEAM) for detailed information 
on predicting chemical fate and transport in the 
environment. 

In characterizing a site and de termining  how 
contaminants may move through the environment 
associated with the site, the RPM or OSC should 
examine trend data such as variations in climatic 
conditions t h a t  may affect population levels of 
resident species. These data may indicate conditions, 
such as periods of high rainfall or drought, that place 
additional stress on local ecosystems and may affect 
the fate and effects of contaminants. 

Based on al l  of this  information, and in close 
consultation with technical specialists, the RPM or 
OSC should  set  s i te-specif ic  object ives  for  
investigation of each potentially contaminated 
habitat, including: 

Environmental media to be sampled and 
analyzed for contaminant levels, 

- 

- Detection limits for contaminants, 
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- Toxicity tests70 be performed and species to 
be tested, and 

- EcologicaE (populat ion,  community,  or  
ecosystem, effects to be m e a s u r e d  or 
predicted. 

Data quality objectives arising from these study 
objectives should then be developed to determine 
what level of effort wilI be necessary to obtain 
scientifically defensible answers. It is important to 
emphasize that the extent of delineation of exposed 
habitats should be determined by the potential for 
exposure, not by arbitrary distances or  boundaries 
that lack a biological justification. 

5.2.2 Sensitive Environments 
For a particular site, the project team should prepare 
a list of habitats requiring special1 attention in the 
assessment.  Although ecological judgment  is 
necessary to define some priorities, State and Federal 
laws and regulations designate certain types of 
environments, such as wetlands, as requiring special 
consideration or protection. Criticall habitats for 
species listed as threatened or endangered also may 
require protection. Consultation with n a t u r a l  
resource trustees and other technical specialists will 
be invaluable in ensuring identification of these lkey 
areas. 

In addition to identifying habitats that meet specific 
State or Federal criteria, the project team should also 
consider ifany other habitats on the site are: 

- Unique or unusual, or 

- Xecessary for continued propagation of key 
species (e.g., rare or endangered species, 
essential' food sources or nesting sites for 
other species, spawning and rearing habitats, 
etc. ). 

The importance of habitats on or near a hazardous 
waste site will vary from area to area, depending on 
such factors as: 

- The species native to the a r e a  and  their  
significance (e.g., regionally important sport 
f sh) .  

- The availability and quality of substitute 
Ihabitats, 

- The land use and management patterns in 
the area, and 

- The vaiue (economic, recreational, aesthetic, 
etc.)  placed on such habi ta t s  b y  local 
residents and others. 

The project team should define and identify sensitive 
environments based on a site- and area-specific 
analysis. keeping in mind the ecoloplcal connections 
between the site and nearby habitats. 

5.3 Contaminant Evaluation 

5.3.1 Identification and Characterization 

Alo.ng with site characterization, a parallel prime ob- 
jective in defining the scope and design of an assess- 
ment is to characterize the contaminants of concern 
(and their transformation products) in terms of their 
known or suspected potential to cause ecological 
harm. Besides identifying and classifXing the con-  
taminants of concern. the RPN or OSC should make 
sure that characteristics of the chemicals are mea- 
sured that wilb help to determine the site's likely eco- 
logical effects. Based on measured or calculated phys- 
ical/chemical properties and other published data. 
the contaminants' likely persistence in the environ- 
ment should be estimated. The RPM or OSC should 
also obtain information to describe the frequency. in- 
tensity, and route(s) of chemical release to the envi- 
ronment. 

Preliminary information on the lphysical/chemical 
properties, bioaccumulation potential, and other 
characteristics of contaminants can be used to define 
the parameters of studies to be conducted for an 
ecological assessment. For example: 

If chemicals are known or suspected to be 
water-soluble, analysts should be prepared to 
investigate potential exposure routes to 
aquatic habitats. Water-solublle compounds 
may also be expected to move readily within 
the aqueous phase of some soils, increasing 
the llikelihood of exposure for soil-inhabiting 
organisms. 

For chemicals with low solubiIity in water, 
the RPM or OSC should investigate the 
potential for the compound to adsorb to soil 
particles. Should this occur, the chemical 
could be transported through erosive soil1 
runoff to surface waters or other terrestrial 
environments near the site. Contaminated 
soil particles may also be ingested by  
organisms living on or in the ground. 

If a contaminant is judged to be persistent, or 
if environmental release is frequent or  
continuous, the ecological assessment may 
(where time permits) include chronic as well 
as acute toxicity tests on potentially exposed 
organisms. The RPM or OSC may also need to 
consider studies and/or use of appropriate 
predictive models to assess long-term 
population effects. 
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If  compounds a re  known or suspected to 
bioaccumulate, studies may be needed to 
determine the extent of bioaccumulation in 
potentially exposed organisms. This wi l l  
probably entail d close look a t  transport and 
exposure pathwdys and collecting data on 
contaminant concentrations in t issues of 
iikely bioaccumulators such as fish. 

5.3.2 Biological and Environmental 

Based on the prelliminary information about the 
nature the contaminants, a sampling and anallysis 
plan can be devised to determine contaminant 
concentrations in all relevant media. As in all other 
assessments, the best measures are those that are  
accurate, precise, and representative of the situation 
in space and time. The best way to achieve this is to 
pllan sampling programs with ecological assessment 
a s  a clearly specified objective. As a general1 
principle, sampling, monitoring, and measurement 
should be designed by taking account of exposure 
pathways to habitats and organisms on or near the 
site. 

Concentrations 

A brief field reconnaissance of the site, combined 
with accurate maps or aerial photographs, should be 
sf l ic ient  to identify important habitats that  may 
require sampling. Consultation with ecologists 
familiar with the area will1 probably indicate the 
kinds of organisms to be expected on the site and the 
probable exposure pa thways  t h a t  should  be 
investigated. This in turn  should lead to study 
designs for measuring contaminants in media 
appropriate to those exposure pathways.  For 
instance, if a compound is known or suspected to be 
volatile, air sampling in potentially exposed habitats 
may be appropriate. If the chemicals are believed to 
have reached surface waters, stream sediments and 
biota may need to be analyzed to determine the full 
extent of contamination. If biological transport of the 
contaminants is considered possible, the sampling 
plan may need to include testing for the presence or 
effects of low levels of chemical at some distance from 
the source. 

If contaminants are suspected of bioaccumulation or 
are considered fairly persistent, the RPM or OSC may 
need to require studies to determine if the chemicals 
are being transferred from organism to organism 
through the food web. Food-chain linkages can be 
evaluated us ing  informat ion  on t h e  t rophic  
reifationships of t h e  species a t  a site. Direct 
measurements of chemical residues in animal tissues 
provide the most direct approach for assessing the 
extent to which food chain transfer of chemicals may 
be occurring. If s u c h  biological t r a n s f e r  of 
contaminants is suspected, the RPM or OSC should 
consult with technical specialists on the proper 
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design of studies to evaluate the extent and effects of 
the phenomenon. 

Estimating chemical fate and transport is a key first 
step in quantifying exposure. Having identified the 
exposure pathways, the analyst  should plan on 
sampl ing  lper t inent  media to d e t e r m i n e  t n e  
concentrations of the contaminants of concern 1 s  
discussed in detail in the SEAM, predictive models 
can help in es t imat ing  fate and t ranspor t  of  
contaminants For Superfund sites, the analyst  
ihould consulit the  S E A M  and spec ia l i s t s  t o  
determine the applicability of any particular model 
to the specific site. Among the considerations wil l  be 
the assumptions underlying the model, the quantity 
and quality of input data needed, and the degree o i  
confidc.r.ce in the model's results. The decision on 
h h d t  model is^ to use may determine sampling dnd 
a ria Ily t ic I1 de s i g n , i ncll ud i n g ana  1 y se s r eq u i red , 
<ample sizes. sampling method, and  sampling 
frequency 

5.3.3 Toxicity of Contaminants 
.A key objective of the definition phase of the 
assessment process is to develop a sampling and 
ana lys i s  plan to a s s e s s  t h e  toxici ty  of s i t e  
contaminants to potentially exposed populations of 
,plants and animals. Evaluating the toxicity of a 
substance a t  a particular s i te  requires careful 
specification of the effects of concern, such as  
mortality or reproductive failure, and the duration of 
exposure (Le., acute or chronic). At the planning 
stage. literature reviews are the most likely sources 
of information on the  toxicity of contaminants.  
ILiterature searches can help guide an investigation, 
especially in identifying the likely mechanisms of 
toxicity. However, the user of a literature review 
must fully understand the restricted character of the 
information. Its value in characterizing actual or 
probablle hazards a t  a specific s i te  is extremely 
llimited, for several reasons: 

Toxicologists generally study a population of 
one species because  t h e  effects  on a 
community or ecosystem are too difficult for 
standard practice. If the species chosen for 
the study is not a good indieator species for 
habitats found a t  the site, the study's findings 
may be a poor predictor of the site's actual 
hazards. 

Toxicologists generally study the effects of a 
single toxicant at a time. This practice is 
rarely representative of field conditions 
where  o r g a n i s m s  m a y  b e  s t r e s s e d  
s imul taneous ly  by s e v e r a l  tox icants ,  
fluctuations in the availability and quality of 
nutrients, and variations in weather and 
climate. When organisms are exposed to two 
toxicants a t  the sametime, the effects may be 
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direct ly  add i t ive ,  more t h a n  a d d i t i v e  
( syne rg i s t i c+ ,  o r  less t h a n  a d d i t i v e  
(antagonistic). depending on the toxicants in 
question. tlhe organisms exposed. and the 
environmental conditions. 

- Published research may use death or  a 
subacute etyefect. such as behavioral change, as 
the endpoint Incorporating statistics into 
their analyses, scientists may select the 
median 150 percent) response of a population, 
or they may choose some other percentile of 
response as appropriate.  perhaps the 10 
percent or the 90 percent response. Unless 
the measures used in the research correspond 
well to the objectives of t he  ecological 
assessment, the results may be difficult to 
apply to the specific site or contaminants a t  
issue. 

- Researchers usually report a fixed time for an 
experiment. For example, for aquatic tests, 
toxicologists often study the response over 48 
or 96 hours, depending on the species and the 
toxicant. Occasionally, researchers will study 
a complete generation of organisms o r  a 
comple t e  cyc le  of r e p r o d u c t i o n  a n d  
recruitment, but rarelly do they have tlhe 
r e s o u r c e s  o r  t i m e  to  s t u d y  s e v e r a l  
generations. 

A wide array of experimental protocols and results 
exists in the literature, in which every variation from 
study to study can be found different organisms, 
toxic a n t s  , la bo ra  t o r y con d i t  i o n s , e n dpo i n t s , 
concentrations, statistical summaries, and durations 
Although all of these studies may be informative for 
some purposes, they a r e  difficult to compare and 
contrast, and judging the validity of extrapolation to 
a specific site and its contaminants should be left to 
qualified special is t s . 

Despite the wide diversity of experimental designs, 
ecologists have settled on a few widely recognized 
organisms and protocols for study. For example 

- To study effects on terrestrial invertebrates. 
researchers commonly use one or more 
species of ear thworms to represent soil 
organisms, generally using two- or four-week 
test protocols. 

- Toxicology studies of birds often use bobwhite 
quail, ring-necked pheasants, or mallard 
ducks. 

- IBecause of their widespread use for human 
health assessment, there exists a large data 
base of toxicity studies on laboratory rats,  
mice, and rabbits. Therefore, these are  also 

commonly used a s  surrogate species For 
estimation of toxicity to other mammals 

For equivalent studies of aquatic organisms. 
scientists have long used species of Daphnia 
or Ceriodaphnra (water fleas) to represent 
freshwater invertebrates in 48- or  96-hour  
test protocols, while freshwater fish nave 
been represented by the fathead minnow.  
rainbow trout, and bluegill. 

The SIicrotoxR t e s t ,  dissollved oxygen 
depletion test, or reazurin reduction test dre 
sometimes used to indicate toxic effects o n  
microbial populations. 

Commonly studied marine and estuarine 
species include mysid shrimp, Dungeneis ~ r d  
blue crabs, oysters, musselis, and jheepshedd 
minnows 

For studies of effects on plants, dones:icd.:ed 
species are often used, such as lettuce seeds in 
germination tests. 

I t  is often possible to sekect one or more of these 
commonly tested species as surrogates for species 
found a t  a site if toxicity testing is warranted To 
develop a proper understanding of conditions at the 
site, data on surrogate species need to be interpreted 
by  wildlifeifishery toxicologists and ecologists 
experienced in evaluating contaminants. Differences 
in physiology between closely related species or 
apparently minor differences in physical or biological 
conditions a t  the site can often complicate such 
interpretations. 

Literature surveys can help identify possible targets 
for investigation if toxic effects are reported, but they 
are unlikely to eliminate chemicals from further 
consideration if negative results a r e  reported 
Positive findings in a laboratory research study of 
toxic effects may indicate the mode of action of the 
chemical They may also help the investigator 
determine the endpoint for toxicity tests conducted 
with materials from the si te.  Laboratory tests 
indicating low toxicity may or may not mean llow 
toxicity in the field, since even the best laboratory 
simulation cannot mirror field conditions. 

Gene ra l ly  s ,peaking,  f ield d a t a ,  mon i to r ing  
information, and toxicity testing of contaminated 
media are more useful and reliable than literature 
estimates. Wherever possible, the assessment should 
betbased on data collected from the field. 

In those circumstances where exposure appears 
likely, toxicity testing will be needed to determine 
the effects of contaminants in the concentrations 
found or expected at the site on potentially exposed 
p l an t  a n d  an ima l  populations.  R e s u l t s  f rom 
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published studies can serve as a useful guide for 
deciding: 

- What toxicity tests (e.g. ,  acute,  chronic) 
should be conducted with field-collected 
samples, 

What kinds oforqanisms should be tested, - 

- 
- 

What effects should be anticipated, and 

 how the tests should be interpreted 

From these decisions, a specific set of data quality 
objectives should be formulated, including: 

- The number and type of tests to be run, 

- T h e  e n v i r o n m e n t a l  c o n d i t i o n s  t o  be 
monitored, 

- The detection limits for contaminants, 

- 
- 

The number of samples to be taken, and 

The acceptable margin of error in analyzing 
resull ts. 

S i te -spec i f ic  i n f o r m a t i o n  on  s e n s i t i v i t y  to 
c o n t a m i n a n t s  should  be g a t h e r e d  w h e r e v e r  
necessary and feasible. Studies to collect such data 
should be designed carefully, in close consultation 
with technical specialists. The general categories of 
s tud ies  t h a t  might  be conducted include the  
fo 110 wing: 

- In-sifu (in-field) toxicity tests. Methods for 
in-situ studies a r e  available for aquat ic  
toxicology and, to a more limited extent,  
terrestrial toxicology. Such methods usually 
involve exposing animals  in the field to 
existing aquatic or soil conditions. Generally, 
these methods involve the use of enclosures to 
hold the animals at a specific location for the 
designated exposure period (e.g., caged fish 
studies). 

- Field observations.  Correlat ion of t h e  
abundance and distribution of animals and 
plants  with measurements  of chemical  
concentrations may not prove the existence of 
toxic effects, but may offer some insights as to 
likely sensitivities and add to the "weight of 
evidence" concerning the site. 

- Toxicity tests of contaminated water, soil, 
sediments, or elutriates in the laboratory. 
These can be used to evaluate the lethal or 
sublethal effects of chemicals as they occur in 
environmental media. They can also be used 
to  test for toxicity of mixtures as they 
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actually occur in the environment. Some 
methods for these tests have been published 
by EPA.: 

5.3.4 Potential ARARs and Criteria 

Once the contaminants a t  a site have been identified, 
the RPM or OSC should identify those for which 
criteria have been established, and determine 
whether any such criteria apply as potential XRXRs 
at  the site in question. (See Chapter 2 1 If usable and 
a ppl ica b I e c r 1 t e ria ex is t , the assess me n t s ho u 1 d 
include sampling and monitoring plans to determine 
the extent to which those criteria are exceedled hh 
environmental concentrations at  the site. If criteria 
do not  exist for tlhe contaminants in question, 
analysis of known toxic effects and possible threshold 
levels may be used to develop site-specific criter:a 
against which to compare field data. The RP3I or 
OSC m a y  also wish to consult with technical 
jpeciaiists to determine if any chemicals for which 
criteria have been established might be appropriate 
analogues for the contaminants of concern at the site 
EPX's Ofice of Toxic Substances has published d 
volume describing t h e  use of ana logues  f o r  
estimating toxicity to aquatic organisms.? 

5.4 Potential for Exposure 
IBefore the effects of a contaminant on an organism 
can be evaluated. it is necessary to know how much of 
the chemical is actually or potentially reaching the 
point of exposure (the location where effects can 
occur). This depends on characterist ics of t h e  
contaminant, the organism, and the environment. 
Exposure assessment seeks to answer the following 
questions: 

- What organisms are actually or potentially 
exposed to contaminants from the site? 

- 

- 
What are the significant routes of exposure? 

To what amounts of each contaminant are  
organisms actually or potentially exposed? 

How long is each exposure? - 
- How often does or will1 exposure take place? 

Ecoloqcai Assessments of Hazardous Waste Stes: A F:eid and 
Laboratory Reference Document (EPA/600/389/013). EPA O f k e  
of Research and Development. 1989; J C. Greene. S.A. Petersor. 
C L Bartels. and W E. Miller. Bioassay Protocols Cor Assess(ng 
Acute and Chronrc Toxiciry at Hazardous Waste Sires. €PA 
Office of Research and Development January 1988. 

2 Esrrrnatrng 'oxrcity of lndusrrral Chemicals to AoLa' c 
Organisms Using Structure Actwily Relanonships. Office of T2x.c 
Suostances (EPAs560,688/001), - July 1988. 
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- What seasonal_and climatic variations in 
conditions are likely to affect exposure? 

- What a r e  the jtte-specific geophysical,  
physical. and chemical conditions affecting 
exposure' 

Analysis of contaminant concentrations in tissues of 
exposed organisms can help provide a link between 
environmental concentrations and the amount of 
contaminant likely to reach the site of action For 
mqny contaminants and organisms, time dellays may 
need to be considered when attempting to correlate 
environmental and biotic concentrations. This w i l l  
allow for the time that may elapse before a chemical1 
is taken up into living tissue. Some of the factors tihat 
may i n h e n c e  uptake include: 

- The environmental  concent ra t ion  of the 
contaminant in the media to which the  
organism is most often exposed; 

- The metabolic rate of the organism, which 
in t u r n  may b e  a f u n c t i o n  of s u c h  
environmental parameters as temperature, 
availability of sunlight, water, nutrients,  
oxygen, etc.: 

- Species-specific metabolic processes, such 
as food absorption rates and the ability to 
degrade, accumulate, store, and/or excrete 
the contaminant; 

- Behavioral  characteristics such as  food 
preferences and feeding rates (both of which 
may vary with the time of year and the age of 
the organism), and the ability to detect and 
avoid contaminated media or food; 

- O t h e r  characteristics of the organism,  
such as gill1 surface area, lipid content. and 
metabolic abil i ty to l iberate  a "bound" 
residue; and 

- The lbioavailability of the contaminant, i.e., 
i t s  tendency to p a r t i t i o n  in to  a form 
conducive to uptake; this will vary among 
chemicals and organisms. Bioavailability 
will be influenced by such environmental 
factors as temperature, salinity, pH, redox 
potential, particle size distribution, and 
organic carbon concentrations. 

Because individuals  and  species a c c u m u l a t e  
contaminants  different ia l ly  in  t h e i r  t i s s u e s ,  
environmental1 concentrations and uptake rates will 
not necessarily predict  biotic concentrat ions.  
Pharmacokinetic distribution following bioaccum- 
dation determines the concentration of contaminant 
that actually reaches the physiological site of action 
within an  organism, and thus the likelihood of 

adverse effects. Whether or not bioaccumulat' ion is 
suspected, ana lys t s  should t ry  to deterrn1r.e 
contaminant concentrations in environmental med:d 
and biotic tissues simultaneously Based on theTe 
data, site-specific bioconcentratlon factors B C F j  I 
can be estimated. One must make sure. however, that 
the measured environmental concentra.' ~ ; o n s  a r e  
relatively stable and1 not short-term aberrations If 
site-specific BCFs cannot be derived from mon1torir.g 
data, the analyst may need to use published BCF 
values or  predicted BCFj ' 

To be meaningful, chemical1 analyses of biota should 
use sample sizes large enough to obtain va r idnce  
e s t i m a t e s .  E x t r a p o l a t i n g  c o n t a m i n a n t  
concentrations from a sample of organisms t9 d n  
average for the population may be a complex proces5 
Such factors as the time of year of the sample, :he Life 
stage or age of the organisms, and the spatial 
distribution of the population may need :o he 
considered. For highly mobile animals, estimates 
exposure may need to be adjusted to account for + h e  
likelihood that not all of the animal's food ~ i ! !  be 
obtained from the affected area. In one s t u d )  for 
example, the analysts calculated exposures for mlnk 
and mallard ducks based on the assumption tha: the 
contaminated area represented ten percent of their 
home ranges. When such adjustments are made, the 
analyst should clearly state the justification for the 
assumptions and estimates used. 

The SEAM provides detailed guidance on estimating 
or predicting environmental concentrations in medid 
and intermedia transfers of contaminants .  In 
addition, it offers a brief discussion on evaluating 
biotic exposure pathways to human populations 
However, the SEAM is specifically intended for 
estimation of human exposure. Since human and 
environmental receptors do not share all exposure 
routes, the analyst will need to go beyondl the decision 
models provided in the SEAM to consider exposure of 
environmental receptors For example,  in the  
exposure assessment for contaminated soil, the 
analyst will need to determine if the soil is sterile or 
if it is inhabited by plants and animals. If the soil is 
inhabited, the analyst will  need to determine i f  
organisms are  contaminated and, if so, what the 
potentiall is for off-site movement of animals or Eood 
chain transfer of contaminants. 

5.5 Selection of Assessment and 
Measurement Endpoints 

Based on the available information concerning the 
site, the contaminants, and the likely exposure 
pathways, the analyst should identify and select 
appropriate endpoints for the  assessment.  The 
companion volume to this manual discusses in detail 
t h e  d is t inc t ion  b e t w e e n  a s s e s s m e n t  a n d  
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measurement endpoints3 Assessment endpoints 
are those describing the effects that drive decision 
making, such as reduction of key popullations or 
disruption of community structure. Measurement 
endpoints are those used in the field to approximate, 
represent, or lead to the assessment endpoint. If new 
data are to be collected to evaluate these endpoints, 
EPA's guidance on data quality objectives should be 
followed (see Section 5.6). 

5.5.1 Ecological Endpoints 
Toxicity of contaminants to individual organisms can 
have consequences for populations, communities, and 
ecosystems. As discussed in Chapter 3, changes in 
ra tes  of mortali ty,  b i r th ,  immigrat ion,  and  
emigration can cause population sizes in an affected 
area to increase or decrease. These changes can also 
lead to shifts  in  the spat ia l  d i s t r ibu t ion  of  
populations in the environment. Such population- 
level effects may in turn determine the nature of 
changes in community structure and function, such 
as reduction in species diversity, simplification of 
food webs, and shifts in competitive advantages 
among species sharing a limited resource. Finally, 
ecosystem funct ions  may be affected by 
contaminants ,  which can  cause  changes in 
productivity or disruption of key processes. For 
example, at a Superfund site contaminated with 
creosote and related compounds, the analysts noted: 

The presence of beds of detritus in the stream and 
layers of contaminated undecomposed leaves in 
the soil indicates that litter degradation is not 
occurring, at least not at  a natural rate. 

Contaminants can disturb ecosystems in ways other 
than direct toxicity. For example, a chemical that 
decreases available oxygen in aquatic systems can 
have catastrophic effects, whether or not it is toxic to 
the organisms there. Contamination leading to 
destruction of terrestrial vegetation can result in 
increased sedimentation of streams, which can 
adversely affect benthic populations that never come 
in contact with the chemical. Remedial actions that 
reduce water flow to a wetland o r  tha t  replace 
indigenous vegetation with introduced plant species 
can remove an essential resource for one or more 
species in the community. In assessing the ecological 
effects of a site or its remediation, the analyst should 
consider use of appropriate measures of community 
and ecosystem function to determine if the weight of 
evidence indicates that effects other than toxicity are 
significant. 

To characterize the effects of contaminants on 
populations, communities, and ecosystems, the 

3 Ecologxal Assessments o f  Hazardous Waste Sites: A 
Reference Document. EPA Ofice of Research1 and Development. 
1989. 

analyst may choose one or more measures depenaing 
on the objectives of the study 

Cse of these measures will1 usually require  
comparison of the site to a carefully selected 
reference area. To allow proper comparison. i t  is 
important that reference areas be chosen that. 

- Are in close proximity to the contaminated 
area( SI; 

- Closely resemble the area(s1 of concern i n  
terms of topography, soil composition, water 
chemistry, etc.; and 

- Have no apparent exposure ,pathways from 
tihe site in question or from other sources of 
contamination. 

The R P M  o r  OSC should consul t  closely witlh 
technicak specialists on specific criteria for selecting 
an appropriate reference area. 

The following are examples of measures that might 
be used to compare contaminated and reference 
areas: 

- Population abundance  - the number of 
individuals of a species in a given area. 
usually measured over a period of time or at a 
specified time; 

Age structure - the number of individuals in 
the population in each of several age classes 
or life history stages, which can be an 
indicator as to whether the population is 
increasing, decreasing, or stable; 

Reproductive potential a n d  fecundity - 
expressed as the proportion of females of 
reproductive age, the number of gravid 
females, the number of eggs or  viable 
offspring per female, or the percentage of 
females surviving to reproductive age; 

Species diversity - the number of species in 
an area (species richness), the distribution of 
abundance among species (evenness), or an 
index combining the two; 

Food web or trophic diversity - calculated 
in the same way as species diversity, but 
classifying organisms according to their place 
in the food web: 

Nutrient retention or loss - the amount of 
undecomposed litter or,  conversely, the 
amounts of nutrients lost to ground or surface 
waters; - 
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- Standing c r o p o r  s t a n d i n g  s tock  - total 
biomass in an  area; and 

- Productivity - sometimes determined in- 
directly by measuring oxygen production by 
the plant community per unit time; ecologists 
also sometimes gauge respiration rates by 
measuring carbon dioxide output per unit 
time, and calculate the ratio of production to 
respiration PP/R ratio) as a measure of the 
efficiency of the ecosystem. 

From measures such as these, specific assessment 
endpoints can lbe established, such as "reduction in 
population abundance" or "reduced fecundity." These 
would then be quantified to dewlop site-specific 
measurement endpoints,  such a s  "significant 
difference between contaminated1 and reference areas 
with respect to numbers of organisms or numbers of 
young per female." 

The analyst should1 use these measures with a great 
deal of caution. If differences appear in the above 
m e a s u r e s  b e t w e e n  c o n t a m i n a t e d  a n d  
uncontaminated areas ,  i t  is a compllex task to 
demonstrate that the effect observed is the result of 
contamination rather than some other factor. 

In planning an  ecological assessment, the OSC or 
RPM will be concerned with potentially affected 
habitats and, through them, potentially affected 
populations. Within each of these categories, a set of 
characteristic endpoints will need to be considered, 
and special types will elicit particular attention. 

5.5.2 Evaluation of Potentially Affected Habitats 

Habitats in the vicinity of a Superfund site can be 
affected by: 

- Direct or indirect exposure to  the site's 
contaminants due to transport  from the 
source; 

Physical disruption of the habitat due to the 
site's design or operation; 

Chemical disruption of ecosystem processes 
due to the contaminants' interference with 
natural  biochemical, physiological, and  
behavioral processes; 

- 

- 

- P h y s i c a l  or chemica l  d i s t u r b a n c e  o r  
destruction due to cleanup or  remedial  
activities; and/or 

- Other stresses not related to the site or its 
contaminants,  such as extreme weather 
conditions or air pollution. 

Each of these types of effects will1 be manifested 
differently in different ecosystems. depending on the 
magnitude of the disturbance and the nature of the 
habitat receiving the disturbance. The various types 
of terrestrial, aquatic, and marine ecosystems each 
have their own particular structures, dynamics, 
energy flows, and transport  mechanisms tha t  
determine how they are affected by chemical o r  
,physical insult such as might occur a t  a Superfund 
site. 

Structure and Dynamics 
Planning an ecological assessment should consider 
collection of quallitative and (where feasible)  
quantitative information about the structure and 
dynamics of biotic .communities that are potentially 
threatened, with sufficient detail to. 

- Decide whether  a de ta i led  ecological1 
assessment is necessary, 

- Develop a defensible professional judgment 
as to the likelihood of contamination and 
adverse effects, and 

- Define s t u d y  goals  and  d a t a  qua l i ty  
objectives for an ecological assessment if it is 
justified by the preliminary evidence. 

When considering study objectives for an  ecological 
assessment, the RPM or OSC may wish to specify 
that data be collected to support calculation of certain 
measures of community structure and function. 
These include determining species diversity and 
community productivity. It is important to recognize 
that such measures were not designed for the purpose 
of estimating or demonstrating environmental harm, 
and they may be inappropriate for many sites. When 
these measures are used, they should not be relied 
upon to the exclusion of other information; rather, 
they may add to the weight of evidence supporting a 
p a r t i c u l a r  conclusion about  a s i t e  a n d  i t s  
contaminants. Used properly, in close consultation 
with technical specialists, these measures may help 
to: 

Delineate the extent of contamination a t  a 
site, and/or 

- 

- Document  t h e  ecological  e f f e c t s  of 
contamination. 

Measures of biotic diversity have often been used to 
aid in characterizing community structure. The use 
of these measures in the context of hazardous waste 
sites rests on the premise that a disturbed or stressed 
area will exhibit changes in the composition and 
relative abundance of species as compared to a 
reference area that appears not to ibe contaminated. 
When using diversity indices or measures  o f  
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community structure, the analyst should choose for 
study those segments of the ecosystem that are likely 
to: 

- Be exposed to the contaminants of concern, 
andlor 

- Contain organisms suspected of being 
vulnerable or sensitive to those contaminants 
or the effects of remediation. 

Thus, for example, if the chemicals are present in 
surface soils, it would lprobably be useful to appliy 
diversity comparisons to the soii or Ileaf l i t ter  
organisms a t  a potentially affected s i te  and  a 
reference area. 

The Office of Research and Development volume, 
Ecological Assessments of Hazardous Waste Sites. A 
Reference Document, contains detailed discussions of 
assessment  and  m e a s u r e m e n t  e n d p o i n t s  for 
evaluating community and ecosystem level effects 

Significance and Uniqueness 

The significance or uniqueness of an environment is 
often a subjective judgment, that may be determined 
by social. aesthetic, or economic considerations. Some 
environments ,  s u c h  as c r i t i c a l  lhabi ta ts  for 
endangered species, are defined by law. To the extent 
tha t  these concerns can be spelled out  in t h e  
definition phase, they should be articulated with 
regard to any such habitats. Generally speaking, 
environments may be considered significant because, 
in the professional opinion of technical specialists, 
they: 

- 
- 

Are unusually large or small, 

Contain a n  unusually la rge  number of 
species, 

- Are extremely productive (such as a n  
important fishery), 

- Contain species considered rare in the area, 
or 

- Are especially sensitive to disturbance. 

In defining the scope of an ecological assessment, 
consideration of such environments should be similar 
to that given to rare and endangered species (see 
below). These areas may have unusual underlying 
physical and chemical characteristics that may a f k t  
removal and remediation decisions. The existence, 
location, and sensitivity of such environments should 
be noted, and study objectives may need to be 
developed to reflect the potential exposure of these 
special areas to contamination. 
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5.5.3 Evaluation of Potentially Affected 
Populations 

Productivity and Abundance 
Ecologists use the word "productivity" to mean the 
rate a t  which new biomass is produced per unit time 
Plant stress may be a useful indicator of reduced 
productivity in an affected area. Visual inspection of 
the site during an  initial visit may be sufficient to 
identify probable stress on terrestrial vegetation 
(such as yellowing, leaf drop, or other symptoms). but 
it is important to bear in mind that the cause could be 
s o m e t h i n g  o t h e r  t h a n  tox ic  e f f e c t s  of  t h e  
contaminants. Reduction in the growth of plants in 
terrestrial1 or aquatic habitats willi not be as easily 
observed and may require a detailed botanical survey 
in comparison to a reference area to be verified 
Bioassays may need to be conducted to determine if 
the productivity of the plant community is being 
affected, andl whether or not contaminants from the 
site are implicated. Toxic effects may be determined 
in tests using allgae or easily grown terrestria! plants 
as test species. Seed germination, root elongation and 
morphology, and plant growth assays can be used to 
evaluate  contaminated soils '  effects on plant 
development . 

Toxic chemicals may exhibit a wide range of effects 
that  can ultimately influence productivity and 
abundance of animals. Effects of contaminants on 
animal productivity can be assessed through the use 
of field ecological studies, on-site toxicity tests, and 
laboratory tests. Study designs and data  quallity 
objectives for field and laboratory studies should be 
developed to determine exposure concentrations and 
their likely relation to observed or suspected effects. 

The RPM or OSC should seek out trend data such as 
population fluctuations of key species over time. Such 
information may be available from State and Federal 
f ish and  game personnel .  o r  f r o m  previous  
environmental analyses (such as an Environmental 
Impact Statement) conducted in the vicinity of the 
site. These data can assist analysts in distinguishing 
between normal fluctuations and changes that may 
be attributable to the effects of contamination. 

Rare, Threatened, and Endangered Species 
By definition, endangered and threatened species are 
already at risk of extinction: the loss of only a few 
individuals from the population may have significant 
consequences for the continued existence of the 
species. In the definition phase of the assessment 
process, the presence of threatened or endangered 
species, and/or habitats critical to their survival, 
should be documented. If information is available on 
these or related species' sensitivity to contaminants 
of concern, this should also be indicated. The RPSI or 
OSC should consult with Federal and State natural - 
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resource trustees or other  specialists to determine the 
location of such species and their  potential for 
exposure to the contaminants 

Rare species may prc-cnt d more difficult problem for 
ecoiogical asjessrrieci .A species m a y  be rare in a 
given locale because 

- The area  is a t  the edge of the species' 
principal geographical range, 

- The natural habitats available in the area 
dre only marginallly able to support the 
species. 

- The species may be prevented from attaining 
high numbers by competition from other 
species or by predation, or 

- The species depends upon rare habitats or 
food sources for its continued existence. 

If a species is rare, but not legally designated as 
either threatened or endangered, the RPM or  OSC 
will have to depend on consultation with local 
ecologists and other experts to de te rmine  . the  
importance of the species in the context of the site. 

The major sources of information on rare, threatened, 
and endangered species are field offices of the Fish 
and Wildlife Service (C.S. Department of Interior) 
and  the  S a t i o n a l  Oceanic  a n d  Atmospher ic  
Administration (U.S. Department of Commerce), 
officials of State fish and game departments and 
natural heritage programs, and local conservation 
officials and private organizations. 

Potentially Affected Sport or Commercial Species 
In planning an ecological assessment, the analyst 
should note potentiall effects on species that are  of 
recreational and commercial importance. In addition, 
species such as food sources that directly support 
these important species, and habitats essential for 
their reproduction and survival, should be consideredl 
in the planning and assessment process. 

IInformation on which species are of recreational or 
commercial importance in an area can be gathered 
from State  environmental  or fish and wildlife 
agencies, Federal agencies such as NOAA and the 
U.S. F i s h  a n d  Wildl i fe  S e r v i c e ,  a n d  local1 
conservation a n d  f ish a n d  g a m e  personnel .  
Commercial fishermen's and trappers' associations 
may also be valuable sources of data. 

Most States maintain fish stocking programs for 
sport or commercial1 fisheries. The agencies running 
these programs can provide information on where 
fish are stocked and released, and the areas to which 
they migrate Many States also gather creel survey 

data for stream reaches or other bodies of water. and 
collect harvest data for management of deer, game 
birds, and other animals. 

5.6 Sampling and Analysis Plan 
The planning stage of the ecoiogicall assessment 
process culminates in the Sampling and Xnalysls  
Plan (SAP), which consists of a Field Sampling P!an 
and a Quality Assurance Project Plan iQ.4PP) [In 
directing the preparation of the SAP, the OSC #>r 
RPSI should be satisfied that the following questions 
are answered: 

- What are the specific objectives of the sampling 
effort? 

- How will the proposed data collection meet those 
objectives? 

- Will t h e  s a m p l i n g  plan ( types ,  n u m b e r .  
distribution, and timing of samples) p rov ide  
sufficient information to meet the objectives3 

- Does the sampling plan address all important 
exposure pathways and environmental receptors7 

Does the sampling plan make the best use of 
preexisting data and sampling locations? 

Is the sampling of the various media associated 
with the site coordinated to allow maximum 
integration of the data (e.g., to measure or predict 
intermedia transfer of contaminants)? 

- 

- 

5.6.1 Field Sampling Plan 
To address all of these issues effectively, a Sampling 
and Analysis Plan should be developed that takes 
account of: 

- Actual or potential sources of contaminant 
release, 

- The media to which contaminants can be or are 
being released, 

- The organisms that can come into contact with 
the contaminants, and 

- The environmental conditions under which 
transport and/or exposure may be taking place. 

Identifkation of exposure routes and media should 
lead in turn to a selection of the most appropriate 
plant and animal species tolbe sampled for analysis of 
contaminant concentration, toxicity testing, or other 
measures of potential effects. If food-chain transfer of 
contaminants is suspected, information on the 
trophic structures of affected ecosystems will he 
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needed to determine which species should be 
examined for chemical residues. 

Biological data to be collected in conjunction with 
these analyses may include such parameters as dry 
weight of tissues or organisms, percent moisture, 
lipid content, and the size and age or life stage of the 
organism. Contaminant concentrations may need to 
be expressed relative to the whole-body weight 
(sometimes minus the intestines) or weight of the 
edible portion (for input to human health studies). 

Depending on t h e  media to be sampledl, t h e  
contaminants of concern, and the organisms under 
study, the sampling plan will also require collection 
of data on environmental1 conditions a t  the time of the 
study. For aquatic systems, these include: 

- Water quality parameters  such as  hardness, 
pH, dissolved oxygen, salinity (for mar ine  
ecosystems), temperature, presence or absence of 
thermocline, color, dissolved organic carbon, 
conductivity, and total suspended solids; 

- Hydrologic characteristics such as flow rate, 
ground-water dischargeirecharge rates, aquifer 
thickness and hydraulic conductivity , depth,  
velocity and direction of current, tidal cycle and 
heights, and surface water inputs and outflows; 
and 

- S e d i m e n t  p a r a m e t e r s  such  as g r a i n  size 
distribution, permeability and porosity, bulk 
density, organic carbon content, pH, color, 
general mineral composition, benthic oxygen 
conditions, and water content. 

For studies of potent ia l ly  contaminated1 soil', 
information will be needed on such parameters as 
particle size, permeability and porosity, fraction and 
total organic carbon, pH, redox potential, water 
content, color,and soil type. 

The OSC or RPM should consult the SEAM and 
technical specialists to determine the specific set of 
environmental parameters that  should be measured 
to permit effective analysis of contaminant fate,  
transport, exposure, and effects. 

5.6.2 Quality Assurance 
EPA policy requires t h a t  a l l  Regional Offices, 
program offices, laboratories, and States participate 
in a centrally managed quality assurance (QA) 
program.  This r e q u i r e m e n t  a p p l i e s  t o  a l l  
e n v i r o n m e n t a l  s a m p l i n g ,  m o n i t o r i n g ,  a n d  
measurement efforts mandated or supported by EPA 
tlhrough regulations, grants, contracts, or  other 
formal means. Each program office or laboratory that 
g e n e r a t e s  d a t a  m u s t  i m p l e m e n t  m i n i m u m  
procedures to ensure that the precision, accuracy, 

completeness, and representativeness of the data are 
known and documented. 

To ensure that  these responsibilities a r e  met 
uniformly across the Agency, each EPA program 
office or laboratory must have a written Quality 
Assurance Project Plan (QAPP) covering each 
monitoring or  measurement activity within its 
purview. These Quality Assurance and Quality 
Control CQA/QC) requirements  apply f o r  J I I  
monitoring at all Superfund sites or at any location 
where toxic substances have been released to the 
environment. 

QAPPs are  writ ten documents for all planned 
sampling or monitoring a t  a named llocation, 
including ecological assessments of Superfund sites 
The lprogram office, Regional Office, contractor, 
grantee, State, or other organization must prepare 
and receive written approval for the QAPP for the 
specific sampling and measurement program before 
the field or laboratory work can begin. 

The QAPP presents, in specific terms, the policies, 
organization, objectives, functional activities, and 
specfic QNQC activities designed to achieve the 
data quality goals for single or continuing activities 
The QAPP must cover all environmentally related 
measurements, including but not limited to: 

The measurement of physical, chemical, or  
biological variables in air, water, soil, or other 
environmental media; 

The determination of the presence or absence of 
pollutants or contaminants in waste streams or 
site media; 

The assessment of ecological effects studies; 

T h e  s t u d y  of l a b o r a t o r y  s i m u l a t i o n  of 
environmental events; and 

The study or measurement of pollutant transport 
and fate, including diffusion (Le., dispersion and 

. . transport) models. 

The QAPP serves two important functions. First, it 
seeks to ensure that as much as possible is done at the 
beginning of a study to achieve the QA objectives for 
the data. Second, it allows for analysis of the study to 
determine what improvements can be made if QA 
objectives are not met. The plan cannot guarantee 
results, but i t  requires the  analyst  to justify a 
particular approach before proceeding. 

For each major measurement variable, the QAPP 
must state specific data quality objectives. This is 
usually accomplished by preparing a table listing the 
variable, the sampling method, the measurement 
method, the experimental conditions, the t a r  ge t 

- 
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precision (measured in relative standard deviation), 
the target accuracy (measured in acceptable relative 
deviation from the true value), and the completeness 
(measured in terms of percent coverage). The RPM or 
OSC shoulld also require project analysts to specify 
clearly: 

- 
- 
- 

Wlhat tests are to be performed, 

What measurements are to be taken, and 

How the results will be used (e.g. .  estimate 
exposure, correlate diversity or abundance with a 

chemical gradient, predict population response to 
ambient contaminant levels). 

Consultation with a technical assistance group to 
define data needs and study goals is essential for the 
successful specihation of data quality objectives 
The ecological assessment is not a research project 
and thus should not be expected to entail long-term 
field studies. With the guidance of  technical 
specialists who understand both the scientific 
questions a t  issue and  the exigencies of the 
Superfund program, it is possible to define carefullly 
delineated studies to collect the data needed for  
making reasoned judgments on Superfund sites 
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Chapter 6 

Organization and1 Presentation of an Eco'logical Assessment 

This chapter provides a checklist of the basic ques- 
t ions t h a t  should be asked  i n  a n  ecological 
assessment. It is intended to ensure completeness and 
consistency in the reporting of assessment results. 
The amount of detail required in a given report will 
depend upon the scope of the study, as determined in 
the iterative planning process discussed in Chapter 5, 
and the amount of data collected in the investigation. 
Regardless of the level of detail, the assessment 
report should be clear and concise, to ensure that the 
resu l t s  a r e  readily understood and  proper ly  
interpreted. 

To aid Agency review of assessments, metric units 
should  be used  t h r o u g h o u t .  T h e s e  i n c l u d e  
specification of appropriate un i t s  i n  chemical  
quantification such as  pgll, pglg, etc., instead of 
mixing ratios such as ppb or ppm. 

Some information, such as characterization of the 
site or the contaminants of concern, may have been 
given in other sections of a report such as an RI or 
Action Memorandum. If so, the information can be 
referenced; however, the  analyst  may wish to 
summarize such information in t h e  ecological 
assessment section. 

6.7 Specify the Objectives of the 
assessment 

As discussed in Section 5.1, a n  ecological assessment 
may be undertaken for a variety of reasons, from 
evaluating the threat posed by a site to examining 
the effects of remedial alternatives. For example, for 
two s i tes  evaluated by EPA's Environmenta l  
Response Team, the assessment objectives were 
stated as follows: 

The main objective of this . . . investigation was to 
generate da ta  that could be utilized for the 
determination of site cleanup criteria for the 
creosote contaminated soils and sediments in the 
floodplain of the Creek. 

The objective of this study was to determine if the 
arsenic compounds present in the water  and  
sediments of the River watershed 

are resulting in an adverse ecological impact The 
data collected [were] utilized in conjunction w i t n  
existing data to, determine the bioavaiiablllty 
and toxicity of arsenic contamination :o the 
resident aquatic biological communities. and 110 I 
quantitatively assess impacts. 

6.2 Define the Scope of the lnvestigation 
This section of the report should describe the k ind  
and amount of information that was collected in :he 
study. The analyst should describe the data in terms 
of the physical, biological, and chemical parameters 
m e a s u r e d ,  e s t i m a t e d ,  o r  c a l c u l a t e d  i n  t h e  
assessment. It is also important to specify the time 
frame of the study: 

- Over what time period(s1 and1 in what season(s) 
were the data collected? 

- At what time intervals were samples taken? 

- Were the data used to assess current effects or  
past damage, or to predict future scenarios? 

The discussion gives the reader a clear indication of 
t h e  n a t u r e ,  d e p t h ,  a n d  b o u n d a r i e s  o f  t h e  
investigation. Was the assessment, or the data used 
in the assessment, based on long-term studies of the 
site and its surroundings or do the data provide a 
"snapshot" of the site in a restricted time period? Was 
the sampling extensive or limited to specific areas' 
Are the analyses reasonably straightforward or are 
considerable inferences and professionall judgments 
involved? 

6.3 Describe the Site and Study Area 
In this section, the analyst should provide a physical 
description of the site a t  a level of detail appropriate 
to the scope of the assessment. The study area for an  
ecological assessment may extend well beyond the 
boundaries of the area in which hazardous wastes 
have been stored or released. For example, depending 
on the available pathways for exposure and the 
habitats potentially exposed to contamination, the 
area under investigation might include portions of 
several tributaries of a potentially affected river. J 
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wetland downhill or downstream from a release 
source, or a wildlife refuge within the same drainage 
basin as a waste site. 

The description should include the size of the area (in 
metric units) within the physical boundaries defined 
for the assessment and the size of physical features 
such as stream reaches, roads, wetlands, or forested 
areas. The report should provide a map of the area, 
showing all physical features a t  a minimum resolu- 
tion equivalent to a 7.5' CSGS quadrangle map, 
marked to show any changes to the topography up to 
the present time. This map should include all1 
potentially affected areas linked to the contaminated 
zone by pathways of concern through any media, 
sampling locations, and any reference areas selected 
for the investigation. An example of such a map is 
given in Figure 6.1. 

A brief description of the contamination that led to 
listing of the site, or a reference to such a description 
should be included, giving dates where possible. 

The description of the site and study area should 
provide a full accounting of the ecosystems and 
populations potentially exposed to contamination 
This  may be accomplished with a n a r r a t i v e  
description of each habitat (e.g., oak-hickory forest, 
Spurtinu salt marsh, etc.), accompanied by lists or 
tables of species collected or observed there. The 
resident and transient flora and fauna should be 
described, o r  if catalogued, t h e  table  can  be 
referenced. Where relevant, it should be noted if a 
cited species is: 

- Resident, breeding, o r  a r a r e  or  f requent  
transient (e.g., migratory waterfowl), 

- Endangered or threatened, or 

- A natural resource trustee concern. 

The significance, uniqueness, or protected status of 
potentially exposed ecosystems (as discussed in  
Chapter 5) should also be noted and documented. 

Other information with possible bearing upon the 
ecological characterist ics of the  site should be 
provided, such as current or projected land uses; 
proximity t o  popula t ion  c e n t e r s ,  i n d u s t r y ,  
agriculture, or hunting areas; and special climatic 
conditions affecting movement, availability, o r  
effects of contaminants. 

Finally, the site description should include narrative 
characterizations of: 

- Likely or presumed exposure pathways, such as 
surface water, air, soils. sediments, or vegetation: 
and 
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- Any readi ly  olbserved ef fec ts  potentiallly 
attributable to the site, such as  stressed or dead 
vegetation, fish kills, or unusual changes in 
species composition or distribution in a habitat. 

6.4 Describe Contaminants of Concern 
The ecological assessment should specify which 
contaminants at a site are of particular concern from 
a n  ecological perspective. This list may differ 
somewhat from those contaminants that raise ques- 
tions about human health risks. For example, a given 
chemical may exhibit low toxicity toward mammals 
but be highly toxic to fish, invertebrates, or plants 
The fate of a contaminant in the environment may 
make it unavailable for human exposure while in- 
creasing exposure for other organisms. For instance, 
a chemicab that is found to be adsorbing to soil and 
sediment particles may pose little risk to humans, 
but may cause considerable disruption of terrestrial 
vegetation or benthic invertebrates. 

Results of chemical analyses should be presented in 
tabular form, identifying compounds and the media 
in which they were found. If tables of data from the 
human health evaluation are used by reference, it is 
important to report measurements of parameters 
affecting the toxicity to biota, such as alkalinity or 
total organic carbon. It is important to note the 
source of all analytical data, including laboratory, 
CLP certification, sampling and analytical method, 
and date of analysis. Data may be summarized, but 
both the mean and range should be included, along 
with an explanation of how and why calculations 
were made. The report should explain how non- 
detects, replicates, duplicates, etc. were treated in the 
statistical analysis. All sample da ta  should be 
accounted for: infrequency of detection (rarity) is an  
unacceptable explanation for culling a particular 
da ta  i tem from the sampke. The  report  should 
describe both laboratory and  field ana lys i s  of 
contaminants, along with variances from detection 
limits that affect the applicability of the data to the 
study. 

6.5 Characterize Exposure 
This section should identify actual and potential 
exposure  p a t h w a y s ,  t a k i n g  i n t o  a c c o u n t  
environmental fate and t ransport  through both 
physical and biological means. The analyst should 
consult the Superfund Exposure Assessment Manual 
and technical specialists to make sure that all llikely 
exposure pa thways  have been considered. In  
discussing the investigation of exposure pathways, 
t h e  report  should describe each pa thway by 
chemical(s1 and media involved, and identify the 
pathway in space and time with respect to the site 
and the period of investigation. If contaminant 
concentrations and effectsdata (such as toxicity tests 
or  population studies) correspond to identified 
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Figure 6.1 Example of study arfaa map. 

pathways by spatial or temporal gradient, t he i r  
presentation should demonstrate the correlation 

If sampling stations have been selected to measure 
concentrations of contaminants along likely exposure 
pathways, the sampling data should be presented in 
such a way as to allow the reader to see quickly the 
relationship between a sample's location and its 
contaminant levels. For instance, stations can be 
numbered in a sequence that indicates their relative 
distance from the source of contamination, as shown 
on a map of the study area. Another method is to 

present the data on a scatter diagram, in which 
sampling locations are shown as points on a graph 
with distance from the source given on the X-axis and 
concentrations on the Y-axis. Ideally, concentrations 
of key contaminants should be displayed in graph 
form with geographic locations indicated (see Figure 
6.2) or on a map (see Figure 6.3). 

Results of toxicity tests may also be effectivelly 
displayed using maps. For example, in a study of the 
effects of PCBs and other contaminants a t  a 
Northeastern site, the researchers showed the results 
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Figure 6.2 Graphic display of contaminant concentrations. 

of toxicity testing on a map of the affected area 
(Figure 6.3). This type of presentation makes readily 
apparent the relative hazard associated with 
different locations 

If such gradien ts  a r e  not apparent ,  or  a r e  
contradicted by other data, the analyst should discuss 
the possible reasons for the discrepancy in the report. 
If exposure pathways are modeled, the report should 
clearly state the limiting assumptions of the model(s1 
used. A full reference for every model used in the as- 
sessment should be included. The analyst should 
characterize the uncertainty associated with all  
parameters that are measured or modeled, and 
specify statistical significance levels for quantitative 
results. 

If the analysis uses da ta  from toxicity tes ts ,  
population s tudies ,  o r  o ther  effects-related 
investigations, to demonstrate that exposure has 
occurred, the report should carefully explain the 
limitations of the data. For instance, the site and 
reference area might differ in terms of the degree of 
physical disturbance, which may account for some of 
the observed effects. If toxicity test results a re  
presented in the form of LDws or EDsos, they should 
be shown graphically on a log probit scale. 

6.6 Characterize Risk or Threat 

In characterizing risks or threats to environmental 
receptors associated with Superfund sites, the 

.analyst should try to answer the following questions: 

- What is the probability that an adverse effect will 
Occur? 

- What is the magnitude of each effect? 

- What is the temporal character of each effect 
(transient, reversible, or permanent)? 

- What receptor populations or habitats will be 
dected? 

Depending on the assessment objectives and the 
quality of the data collected, the answers to these 
questions will be expressed quant i ta t ive ly ,  
qualitatively, or a combination of the two. 

If water quality or other criteria have been exceeded 
a t  a site, this may be sufficient in some cases to 
justify remediation. In presenting the data,  the 
analyst should document the number and location of 
sampling results that exceed the acute and/or chronic - 
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Figure 6.3 Map display of contaminant concentrations. 

criteria for the protection of the species and habitat of 
concern a t  a site. The number of exceedences can be 
compared to the number of total measurements for 
each contaminant in a table. In addi t ion,  t h e  
locations of all exceedences and the locations of all1 
measurements can be shown with different symbols 
on a map. Use of a map can be especially helpful if 
contaminant concentrations form a reasonably clear 
gradient leading away from the source. 

Beyond c r i t e r i a  exceedences ,  however ,  r i s k  
characterization is most likely to be a weight-of- 
evidence judgment. The analyst should present a 
summary of the risk-related data concerning the site, 
including: 

- IEnvironmental contaminant concentrations, 

- Contaminant concentrations in biota, 

- Toxicity test results, 

- Literature values of toxicity, 
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- Field surveys of receptor populations, and 

- Measures of community structure and ecosystem 
function. 

If the contaminants at the site are exerting a clear 
effect, the data from all of these studies wi l l ,  on 
balance, support the conclusion that an  effect is 
occurring. If the data are ambiguous, the analyst 
should try to discern the reasons for conflicting re- 
sults and present those reasons along with the 
rationale for the conclusion reached. 

Ecological r isk character izat ion en ta i l s  both 
temporal and spatial components. In describing the 
nature and probability of adverse effects, the anallyst 
should also consider such questions as: 

- How long will the effects last if the contaminants 
are removed? How long will it take for receptor 
populations to recover from the effects of the 
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contaminants? Will there be intergenerational 
effects? 

- Will the contaminants move beyond the current 
area of study thmugh biotic transport? What 
effect will remediation have on this movement? 

- If there are community and ecosystem effects of 
t h e  c o n t a m i n a t i o n ,  is r e m o v a l  of t h e  
contaminants sufficient to restore community 
structure and ecosystem function? If  not, what 
else will be needed? 

- How do the data on exposure and observed or  
predicted effects relate to the rapidity of response 
required? Which responses  a r e  r e q u i r e d  
immediately? Which can or should be lundertaken 
later? 

Table 6.1. Example Of Presentatlon of Cnterla Exceedences 

Mean anc Mainurn Sueace Water Csrce-tratlcrs ?,; I . I= 
Slte Lakes at a Lawrill 

- What limits will proposed remediat ion or 
mitigation actions place on future options for 
further remediation, follow-up assessment, and 
resource use? 

Questions like these will most likely be answerable 
only in narrative form, as a n  expression of best 
professional judgment by a qualified ecologist. 
Sonetheless, they lie at  the hear t  of ecological 
assessment. Many populations and  ecosystems 
exhibit considerable resil ience in  t h e  face of 
disturbance; in fact, change is more common in 
ecosystems t h a n  s t a b i l i t y .  P o p u l a t i o n s  a r e  
continually increasing and decreasing due to natural 
cycles and chance occurrences. In many situations, 
when a source of contamination is removed, natural 
systems will rapidly recover their former appearance. 
Hence, for the same amount of chemical released, the 
risk associated with an acutely toxic but short-lived 
chemical may be considered important but less so 
than a moderately toxic chemical that  is highly 
persistent. 

6.7 Describe the Derivation of 
Remediation Criteria or M e r  Uses 
of Quantitative Risk information 

If water quality or other criteria are available for 
comparison to observed concentrations of con- 
taminants, the analyst shouid try to show the data 
along with applicable criteria so that exceedences are 
easily apparent. Table 6.1 is an  example of this kind 
of presentation. If criteria exceedences occur along a 
clearly identified gradient, the data  may best be 
presented in a map. 

Remediation criteria may also be derived from risk 
in format ion  developed for use u n d e r  o t h e r  
environmental statutes, such as the Toxic Substances 
Control Act or the Federal Insecticide, Fungicide and 
Rodenticide Act. If the report recommends remedi- 
ation criteria based on such information, the analyst 

~~ ~ 

a Fwerar. sate or :ounty criteria used 4s available 

NO = No aetec:anle mount 2ermneo 
* = Criteria exceeaed 

Key NE = Not evaluated 

should give a full reference citation for the iource of' 
reference doses, standards, or risk assessments use in 
calculating the criteria. In addition, the analvst 
should provide an  explanation of, or reference for. the 
calcullation method used to develop the criteria 
Equations and parameters (such as exposure factors) 
used in the calculations should be provided in the test 
or referenced. 

6.8 Describe Conclusions and Limitations 
of Analysis 

Assessment of Superfund sites will depend primarily 
on the weight of evidence supporting particular 
conclusions, since ecological effects seldom occur in 
isolation from other stresses. To accomplish this, it 
may be necessary to use a variety of measurements in 
an  effort to establish that a trend is likely in the data. 

For example, in a study of an arsenic-contaminated 
site and a nearby r iver  system, t h e  ana lys t s  
compared several  different  indices of species 
diversity for benthic invertebrates (Figure 6.5) and 
examined differences in the trophic structure at the 
various sampling locations (Figure 6.6). Analysts 
next combined these da ta  with information on 
contaminant concentrations and toxicity tests. They 
concluded that arsenic concentrations in the stream 
sediments were significantly affecting benthic inver- 
tebrates downstream from the contamination source. 

In presenting conclusions from a n  ecological 
assessment, the analyst should address the degree of 
success in meeting the objectives of the evaluation. 
The report should present each conclusion, along 
with the items of evidence that support and fail ta 
support  t h e  conclusion, - a n d  the  uncer ta in ty  
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accompanying the conclusion. Analysts should also 
d e s c r i b e  f a c t o r s  t h a t  llimited o r  p r e v e n t e d  
development of definitive conclusions 
The process of assessing ecological effects is one of 
estimation under conditions of uncertainty.  To 
address this necessary reality, the analyst should 
provide information that  indicates the degree of 
confidence in the data used to assess the site and its 
contaminants. In summarizing assessment data, the 
RPM or OSC should specify sources of uncertainty, 
including: 

- Variance estimates for all statistics; 

- Assumptions underlying use of statistics, indices, 
and models; 

- The range of conditions under which mncei5 ‘clr 
indices are applicable. and 

- S a r r a t i v e  explanations of other sources o f  
potentiall error in the data ( e . g ,  unexpecced 
weather conditions, unexpected sources  o f  
contamination). 

Ecological assessment is, and will continue to be, J. 

process combining careful  obse rva t ion ,  d a t a  
collection, testing, and professional judgment. By 
carefully describing the sources of uncertainty, the 
analyst will strengthen the confidence in the con- 
clusions that are drawn from the analysis. 
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